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Abstract:  Biological  control  is  usually  the  first  choice  of  control  and  prevention  method  for  integrated  pest  management  (IPM) 
strategies  and  has  now  been  widely  implemented  by  Indonesian  oil  palm  plantations.  Entomopathogenic  fungus,  i.e.,  Metarhizium 
anisopliae,  Cordyceps  militaris  and  Beauveria  bassiana  have  been  demonstrated  to  control  renowned  pests  of  oil  palm.  Metarhizium 
has  been  used  to  control  Oryctes  larvae  and  the  mortality  has  ranged  from  91.67%  to  100%  in  laboratory  and  7.4%  to  88.75%  in  the 
field.  Metarhizium  has  been  applied  in  combination  with  a  termite  baiting  system  (TBS)  to  control  termites  in  the  field  for  preventive 
and  curative  action  as  well.  In  many  oil  palm  plantations  in  Indonesia,  Cordyceps  has  been  used  to  reduce  the  field  moth  population 
of  Setothosea  asigna.  Application  of  Cordyceps  within  the  oil  palm  circle  was  able  to  infect  5.  asigna  pupae  up  to  80%.  Meanwhile, 
Beauveria  in  an  effervescent  formulation  was  demonstrated  to  have  better  efficacy  on  Darna  trima  larvae.  A  significant  finding  on 
the  biological  control  of  basal  stem  rot  disease  (Ganoderma)  was  the  isolation  of  Trichoderma  sp.  and  Gliocladium  sp..  The  efficacy 
was  conducted  with  promising  result  and  techniques  on  the  application  of  Trichoderma  have  been  developed,  i.e.,  hole-in-hole 
system,  surgery  and  a  mounding  method.  However,  as  the  roots  developed,  Trichoderma  was  no  longer  able  to  protect  the  palm  from 
Ganoderma.  In  spite  of  that,  the  use  of  Trichoderma  still  prolonged  the  life  of  oil  palms  by  up  to  2-3  years.  Another  fungi  belonging 
to  vesicular  arbuscular  mychorrhiza  (VAM)  has  been  developed  to  control  Ganoderma.  The  efficacy  in  the  nursery  showed 
promising  results  and  the  Ganoderma  incidence  remained  low  compared  to  the  untreated  control.  Large  scale  field  trials  are  ongoing. 
Challenges  on  the  implementation  of  biological  control  in  oil  palm  plantations  are  because  of  application  and  availability  of 
biopesticides/natural  enemies.  Therefore,  advances  in  research  on  the  formulation  of  biological  control  agents  are  still  needed. 

Key  words:  Entomopathogenic  fungus,  biological  control,  mixture  formula,  Ganoderma,  VAM. 


1.  Introduction 

Infestation  by  insect  pests,  particularly  leaf-eating 
Lepidoptera,  may  significantly  reduce  oil  palm  fresh 
fruit  bunch  production  (FFB).  Defoliation  of  50%  of 
fronds  by  the  infestation  of  leaf  caterpillars  will  cause 
30%-40%  yield  loss  of  eight-year  old  oil  palm  for  two 
years  after  defoliation  [1].  On  the  other  hand,  the 
presence  of  basal  stem  rot  (BSR)  disease  caused  by 
Ganoderma    boninense    was    reported    to  cause 
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50%-80%  loss  on  the  number  of  stand  trees  per 
hectare  in  some  oil  palm  plantations  in  Indonesia 
which  led  to  further  severe  FFB  losses  [2,  3].  Pest 
infestation  and  disease  infection  are  limiting  factors  in 
oil  palm  cultivation. 

For  many  years,  continuous  application  of  chemical 
insecticides  has  commonly  been  practiced  to  control 
insect  pest  populations  [4].  This  has  disrupted  the 
dynamics  of  the  natural  population  of  pest  predators 
and  increased  the  risk  of  pest  resistance  and 
resurgence  [5].  Efforts  to  control  BSR  disease  using 
chemical  fungicides  was  demonstrated  with  no 
promising     results     and     will     be  potentially 
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environmentally  dangerous  [3]. 

Increase  of  the  awareness  of  many  issues  due  to 
continuous  application  of  pesticides  for  controlling 
pests  and  diseases  has  accelerated  the  development  of 
biological  control  [6,  7].  Recently,  the  Indonesia 
government  has  formulated  the  Indonesia  Sustainable 
Palm  Oil  (ISPO)  regulations  to  be  mandatory 
implemented  by  the  industry.  The  ISPO  regulations 
have  now  led  the  oil  palm  industry  to  adopt  the 
integrated  pest  management  (IPM)  methodologies  and 
biological  control  is  often  the  first  choice  to  manage 
pest  infestations  and  disease  infections.  This  will 
greatly  increase  the  future  role  of  biological  agents  in 
oil  palm. 

Over  decades,  the  use  of  viruses,  bacteria,  predators, 
parasitoids,  nematodes  and  fungi  has  been 
demonstrated  to  manage  pests  and  diseases  in  oil  palm 
plantation.  Among  these,  fungi  are  the  most  popular 
because  of  greater  efficacy  with  wider  host  range  and 
reproducibility  on  larger  scale.  This  paper  will  further 
discuss  the  progress  on  the  use  of  fungi  for  the 
biological  control  of  insect  pests  and  Ganoderma 
disease  in  the  Indonesian  oil  palm  industry. 

2.  Fungi  for  Controlling  Oil  Palm  Insect  Pests 

Utilization  of  entomopathogenic  fungi  to  control 
insect  pests  has  widely  been  implemented  in  oil  palm 
plantations.  Metarhizium  anisopliae,  Beauveria 
bassiana  and  Cordyceps  militaris  are  common  fungi 
used  as  bio-control  agents  to  manage  populations  of 
insect  pests  in  oil  palm  plantations  [8-12].  Efficacy  of 
each  fungus  has  been  demonstrated  with  promising 
results  in  green  houses  as  well  as  in  the  field. 

2.1  Metarhizium  anisopliae 

Green  muscardine  fungus,  M.  anisopliae,  was 
reported  to  have  a  wide  host  range  [13].  The  use  of  M. 
anisopliae  to  control  O.  rhinoceros  larvae  was 
evaluated  in  1970s  [14].  Among  many  isolates  tested, 
M.  anisopliae  var.  major  was  found  to  have  higher 
virulency  against  Oryctes  beetles  [10].  Since  1980s, 


efforts  to  mass  propagate  M.  anisopliae  for  field 
testing  have  been  initiated  in  Indonesia  [15]. 

Pathogenicity  tests  with  various  formulations  of  M. 
anisopliae  on  Oryctes  rhinoceros  larvae  in  the 
laboratory  usually  produced  promising  results  [16-18]. 
However,  its  application  in  the  field  was  not  always  as 
good  as  in  the  laboratory.  Large  scale  application  of  M. 
anisopliae  to  control  O.  rhinoceros  was  conducted  in 
Asahan  region  of  North  Sumatra  [17].  Two  types 
formulation  of  M.  anisopliae  was  applied  onto  oil  palm 
empty  fruit  bunches  (EFB)  with  a  rate  of  20  g/m2. 
Results  showed  that  higher  mortality  of  O.  rhinoceros 
larvae  were  observed  on  the  application  of  a  powder 
formulation  (Fig.  1).  The  incubation  period  of  M. 
anisopliae  in  experiments  was  approximately  10-14 
days  after  application.  Mortality  of  O.  rhinoceros  larvae 
continuously  increased  until  six  weeks  after  application. 
Better  coverage  of  powder  formulation  on  the  empty 
fruit  bunch  is  likely  to  be  one  of  the  factors  causing 
higher  percentage  of  infected  larvae.  Infectivity  of  the 
M.  anisopliae,  however,  only  lasted  approximately  4-6 
months  after  formulation. 

Another  field  experiment  was  conducted  in  Teluk 
Dalam  Estate  in  Asahan  region  [16].  The  use  of  100  g 
of  M.  anisopliae  to  reduce  the  population  of  O. 
rhinoceros  larvae  in  the  big  hole  planting  system,  in 
which  oil  palm  seedlings  planted  in  a  3  x  3  x  1  m3 
planting  hole  with  addition  of  three  layers  EFB,  was 
been  evaluated.  Results  showed  that  average  mortality 
of  O.  rhinoceros  larvae  is  continuously  increased  on 
both  plots  until  seven  weeks  after  application  (WAA) 
(Table  1).  The  use  of  M.  anisopliae  gave  75% 
mortality  of  O.  rhinoceros  larvae  compared  to  control 
treatment.  Natural  infection  of  M.  anisopliae  was  also 
found  in  Teluk  Dalam  Estate,  since  infection  was 
observed  in  the  control  treatment. 

Reduction  in  field  populations  of  O.  rhinoceros 
larvae  after  M.  anisopliae  application  was  also 
observed  in  Sei  Mangke  Estate.  It  was  reported  that 
larvae  population  on  EFB  in  big  hole  planting  system 
reduced  from  231.5  individuals  per  sampling  plot  (ISP) 
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■  Powder 


2  3  4  5 

Week  after  application 


Fig.  1    Mortality  of  O.  rhinoceros  larvae  after  application  of  two  different  formula  of  M.  anisopliae. 


Table  1  Percentage  of  O.  rhinoceros  larvae  infected  by  M. 
anisopliae  in  big  hole  planting  system  in  Teluk  Dalam 
Estate. 


Treatment 

Mortality  (%) 

2WAA    5  WAA  7  WAA 

M.  anisopliae  of  100  g/hole 

24.05       46.70  75.00 

Control 

6.40        9.13  15.79 

at  2  WAA  to  103  ISP  at  7  WAA  (Fig.  2).  Results 
showed  that  the  application  of  M.  anisopliae  is 
essential  to  reduce  O.  rhinoceros  population, 
particularly  in  estates  which  implementing  EFB 
application  in  the  field. 

2.2  Beauveria  bassiana 

White  muscardine  fungus,  B.  bassiana,  is  very 
popular  in  horticultural  crops  with  wide  host  range, 
i.e.,  aphids,  thrips,  flies,  beetles,  nettle  caterpillar,  ants 
and  termites  [19-23].  Despite  isolates  of  B.  bassiana 
being  available,  application  in  large  commercial  oil 
palm  plantations  in  Indonesia  has  never  been  reported. 

2.3  Cordyceps  militaris 

Cordyceps  militaris  was  known  to  have  high 
pathogenicity  to  nettle  caterpillar  pupae  [24,  25].  Mass 
production  and  field  use  of  C.  militaris  in  oil  palm 
plantation  in  Indonesia  has  been  started  since  1990s 
[26,  27].  Early  result  of  C.  militaris  application  using 
solid  substrate  has  suggested  that  C.  militaris  was  able 


to  reduce  Setothosea  asigna  pupae  population  of 
which  the  infection  rate  increased  from  46.1%  to 
80.5%  [28].  It  initiated  intensive  research  on  the 
utilization  of  C.  militaris  in  the  field.  However,  hand 
picking  of  S.  asigna  pupae  is  more  popular  than 
application  of  C.  militaris,  and  therefore  has  rarely 
been  reported  [29]. 

2.4  Recent  Formulation  for  Commercial  Use 

Over  decades,  basic  fermentation  technology  to 
mass  produce  fungi  followed  by  mixing  the  spores  or 
mycelium  onto  various  formulations,  i.e.,  powder, 
granule  and  oil,  has  been  widely  practiced  to 
commercialise  the  products  [17,  30-33].  In  some 
plantations,  application  of  fungus  and  virus  by  simply 
mixing  infected  larvae  with  water  became  the  most 
common  practice  for  controlling  the  pests  [34]. 
Despite  the  high  pathogenicity  it  has  been  rarely 
adopted  because  of  rapid  decreasing  viability  and 
pathogenicity,  high  volumes  required  for  large  scale 
application,  high  costs  of  distribution  and  inefficiency 
issues  [35]. 

For  ease  of  use  in  the  field,  tripartite  collaboration 
between  Indonesian  Oil  Palm  Research  Institute 
(IOPRI),  Indonesian  Sugar  Research  Institute  (ISRI) 
and  Prima  Agro  Tech,  Ltd.,  was  initiated  to  produce  a 
mixture  of  entomopathogenic  agents  consisting  of  M. 
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■  M.  anisopliae 
I  Control 


Weeks  after  application 
Fig.  2    Population  of  O.  rhinoceros  after  M.  anisopliae  application  in  Sei  Mangke  Estate. 


anisopliae,  C.  militaris,  Beauveria  bassiana  and  B. 
thuringiensis  formulated  as  an  effervescent  tablet,  known 
as  Metarizep  [35].  Preliminary  observations  showed  that 
the  entomopathogenic  agents  were  able  to  survive  in  the 
effervescent  formula  and  further  pathogenicity  tests  were 
conducted  in  green  houses  and  in  the  field  using  a  rate 
one  tablet  per  four  litres  of  water. 

Green  house  efficacy  to  Oryctes  larvae  showed  that 
infection  of  M.  anisopliae  was  observed  with  all 
effervescent  treatments  at  seven  days  after  application 
(DAA)  compared  to  10  DAA  with  a  maize -granule 
formulation  (Fig.  3).  Higher  mortality  of  larvae  at 
seven  DAA  and  10  DAA  was  shown  on  effervescent 
containing  only  M.  anisopliae,  and  at  14  DAA, 
mortality  of  larvae  was  found  at  the  same  level  for  all 
treatments.  The  results  suggest  that  M.  anisopliae  in 
effervescent  formula  was  more  effective  than  the 
standard  formulation  and  there  was  no  antagonistic 
effect  in  the  formulation.  Field  efficacy  of  the  formula, 
however,  showed  lower  mortality  than  in  the  green 
house  and  ranged  from  7.4%  to  26%  for  effervescent 
tablets  with  only  M.  anisopliae  and  8.9%-44.7%  for 
the  mixture,  whilst  16.7%-36.1%  mortality  with 
longer  incubation  period  being  observed  with  standard 
formula  application. 

Promising  results  with  the  use  of  the  effervescent 
mixture  to  nettle  caterpillar  have  also  been  reported 
[35].  100%  mortality  of  Darna  trima  was  observed 


with  a  Beauveria-based  effervescent  and  its 
mixture-effervescent  formula  at  three  DAA  of  which 
shown  by  the  development  of  B.  bassiana  spores  on 
larvae's  cuticle  (Fig.  4a).  Another  patoghenicity  test  to 
S.  asigna  pupae  showed  that  initial  development  of  C. 
militaris  ascospores  on  S.  asigna  cocoons  was 
determined  at  36  DAA  on  effervescent  treatments  (Fig. 
4b)  and  mortality  of  pupae  ranged  from  40.0%  to 
43.3%  at  the  end  of  observation  (55  DAA). 
Unfortunately,  no  mortality  of  M.  corbetti  and  less 
than  10%  mortality  of  M.  plana  were  observed  during 
the  preliminary  test. 

Application  of  the  mixture  formulation  in  a  termite 
baiting  system  (TBS)  using  wasted  cardboard  was 
demonstrated  that  a  combination  of  TBS  and  mixture 
formulation  was  able  to  decrease  termite's  infestation 
intensity  from  60%  at  15  DAA  to  0%  at  45  DAA  [35]. 
Termite  infected  by  M.  anisopliae  was  observed  during 
the  observation  (Fig.  4c).  Effervescent  formulation 
containing  Multiple  Nucleo  Polyhedra  Virus  (MNPV), 
a  type  of  virus  infecting  nettle  caterpillars,  recently  has 
been  also  produced  and  field  efficacy  of  the  formula  to 
S.  asigna  is  being  conducted. 

3.  Fungi  for  Controlling  Basal  Stem  Rot 
Disease 

Until  now,  BSR  disease  caused  by  Ganoderma 
boninense  remains  the  only  devastating  disease  of  oil 
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Fig.  3    Mortality  of  Oryctes  larvae  with  several  effervescent  agents. 

Ma:  effervescent  of  M.  anisopliae;  Fe:  effervescent  of  M.  anisopliae,  C.  militaris  and  B.  bassiana;  Cf:  effervescent  of  fungus  and  B. 
thuringiensis;  Control:  granule  formulation  of  M.  anisopliae. 


Fig.  4    Infected  insect  pest  on  the  application  of  consortium  entomopathogenic  fungus. 

(a)  Sporulation  of  Beauveria  on  D.  trima;  (b)  initial  ascospore  of  Cordyceps  development  on  5.  asigna  cocoon;  (c)  termite  infected 
by  Metarhizium. 


palm  in  Indonesia  [3].  In  1980s,  investigations  were 
initiated  to  find  superior  biological  control  agents 
from  the  oil  palm  rhizosphere.  A  significant  finding 
was  the  isolation  of  Trichoderma  sp.  and  Gliocladium 
sp.  of  which  are  common  fungus  used  to  control 
Ganoderma  [36-38].  Efficacy  was  conducted  with 
promising  result  and  in  2000s,  mass  production  of 
Trichoderma  was  initiated  and  distributed  to  many  oil 
palm  plantations  in  Indonesia. 

3.1  Trichoderma  spp. 

Trichoderma  spp.  and  Gliocladium  spp.  were  tested 
in  vitro  and  in  vivo  to  suppress  G.  boninense,  and  both 
agents  have  shown  promising  results  [39-42].  In 
2000s,  Trichoderma  koningii  has  been  successfully 
formulated  and  became  popular  to  control  BSR  on  oil 


palm  in  Indonesia  [43].  Bipartite  collaboration 
between  IOPRI  and  PT.  Bio  Industri  Nusantara  has 
formulated  a  biofungicide  containing  Trichoderma 
koningii  and  Trichoderma  harzianum  to  control 
Ganoderma.  Approximately  10,000  ha  of  oil  palm 
plantation  have  been  treated  with  Trichoderma  sp. 
every  year  by  application  to  planting  holes. 

The  results  of  efficacy  test  in  the  nursery  showed 
that  BSR  disease  incidence  on  Trichoderma 
application  is  significantly  lower  than  control 
treatment.  After  seven  months  of  treatment,  incidence 
of  Ganoderma  on  oil  palms  treated  solely  with 
Trichoderma  is  only  1%  compared  to  30%  on  control 
treatment.  Results  of  field  study  show  that  application 
of  Trichoderma  should  be  combined  with  hole-in-hole 
technique,   of  which   conducted  by  planting  the 
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seedling  in  a  planting  hole  (0.6  x  0.6  x  0.6  m3)  inside 
the  big  hole  planting  system,  to  better  reduce 
incidence  of  disease  caused  by  Ganoderma  [44,  45]. 
However,  as  the  roots  develop,  Trichoderma  is  no 
longer  able  to  protect  the  palm  from  Ganoderma.  In 
spite  of  that,  the  use  of  Trichoderma  is  still  needed  to 
prolong  the  life  of  oil  palm  by  up  to  2-3  years. 

3.2  Vesicular  Arbuscular  Mycorrhizae  (VAM) 

Another  potential  soil-borne  agent  to  control  G. 
boninense  is  mycorrhizal  arbuscular  fungus,  which 
have  ability  to  follow  the  development  of  the  roots 
[46].  Mycorrhizae  protect  plants  from  pathogen  attack 
through  nutrient  competition  with  pathogens, 
including  the  production  of  siderophores  and 
protective  layer,  and  induction  of  host  defense 
mechanism  [47,  48]. 

Efficacy  of  mycorrhizae  to  control  BSR  disease  was 
demonstrated  in  the  nursery  [49].  The  results  showed 
that  lower  incidence  of  BSR  disease  was  observed  on 
seedlings  treated  with  mycorrhizae  (Fig.  5). 
Application  of  50  g  and  70  g  of  mycorrhiza  was  able 
to  prolong  the  incubation  period  of  Ganoderma.  These 
results  suggest  that  mycorrhizae  can  be  used  as  a 
biological  agent  to  control  Ganoderma  disease. 
Thereafter,  IOPRI  and  The  Assessment  Biotechnology 
Center,  Agency  for  the  Assessment  and  Application  of 
Technology  (BPPT)  have  been  working  together 
reviewing  and  producing  a  product  containing  VAM 


(Gigasporaceae  sp.,  Acaulospora  sp.  and  Glomus  sp.) 
and  plant  growth  promoting  rhizobacteria  (PGPR) 
(Azotobacter  sp.,  Bacillus  sp.,  Pseudomonas  sp.  and 
Corynebacterium  sp.)  and  Trichoderma  harzianum, 
known  as  Mycorix  Plus. 

Incidence  of  BSR  disease  on  the  application  of  50, 
100  and  150  g  of  Mycorix  Plus  was  6.25%,  4.68%  and 
1.56%,  respectively,  whilst  positive  control  3.13% 
(Fig.  6).  The  result  indicated  that  the  increasing  rates 
of  Mycorix  Plus  can  reduce  the  disease  incidence  of 
Ganoderma.  It  was  also  demonstrated  that  timing  for 
application  will  determine  the  success  of  biological 
control  of  BSR  disease.  Application  of  Mycorix  Plus 
three  months  before  inoculation  of  Ganoderma 
provided  an  opportunity  for  the  mycorrhizae  to 
colonize  the  root  tissues  of  which  resulting  on  lower 
Ganoderma  infection.  Research  to  evaluate  field 
efficacy  of  the  product  is  ongoing. 

4.  Conclusions 

The  efficacy  results  of  antagonistic  fungi  on  various 
insect  pests  and  Ganoderma  disease  of  oil  palm  have 
clearly  shown  the  potential  use  of  fungi  on  pests  and 
diseases  management.  Development  in  the 
formulation  of  fungi  by  mixing  various  antagonistic 
fungi  in  one  simple  formulation  has  improved  its  ease 
of  use  as  well  as  its  efficacy  in  the  field.  However, 
further  evaluation  in  large  scale  oil  palm  field  trials  is 
still  essential. 


2         3         4         5         6  7 
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Fig.  5    Development  of  BSR  disease  incidence  on  the  application  of  mycorrhizae  in  the  oil  palm  nursery. 
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Fig.  6    Effect  of  doses  and  timing  of  Micorix  Plus  application  on  BSR  disease  incidence  in  oil  palm  nursery. 
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Abstract:  Monitoring  and  assessment  of  agricultural  land  degradation  is  of  vital  importance  for  better  land  and  water  management 
planning  and  reclamation.  It  requires  setting  baseline  information  and  basic  analysis  at  specific  time  and  space.  About  33 
geo-referenced  soil  sampling  spots  were  selected  in  two  agricultural  production  locations  in  the  Kingdom  of  Bahrain  to  assess  the 
status  and  preliminary  causes  of  land  degradation.  Soil  samples  were  taken  from  13  sites  in  Diraz  location  while  19  samples  were 
taken  from  Budayyi  location.  The  samples  were  taken  to  90  cm  depth  at  30  cm  intervals.  Standard  procedures  were  followed  to 
determine  soil  physiochemical  properties.  In  addition,  field  observations  on  farm  condition,  distance  from  the  sea,  method  of 
irrigation  and  irrigation  water  source  were  taken.  Some  of  the  soil  samples  were  deliberately  taken  from  outside  the  irrigated  basins 
among  trees  compared  with  samples  taken  from  inside  the  actively  growing  area  for  comparison.  The  results  indicated  that  the 
salinity  level  was  significantly  (P  <  0.001)  higher  at  the  0-30  cm  soil  depth  compared  with  30-60  cm  or  60-90  cm  depths  in  both 
locations.  The  distance  from  the  sea  did  not  show  clear  correlation  with  surface  soil  salinity  in  Budayyi  area  compared  with  Diraz. 
Both  locations  showed  significantly  higher  salinity  levels  on  samples  taken  outside  the  actively  growing  areas  compared  with  those 
taken  from  within.  The  effect  is  more  prominent  at  the  0-30  cm  depth.  The  observed  variability  on  salinity  levels  may  be  attributed  to 
farm  management  practices  and  deteriorating  quality  of  ground  water.  Thus,  agricultural  land  degradation  in  Bahrain  cannot  be 
attributed  to  ground  water  deterioration  alone.  The  use  of  tertiary  treated  sewage  water  (TSE)  may  ease  the  pressure  on  ground  water, 
but  the  pH  of  the  TSE  should  be  carefully  monitored  and  managed  with  proper  studies  on  leaching  requirements  to  avoid  further 
salinity  complications. 

Key  words:  Soil  degradation,  salinization,  Kingdom  of  Bahrain,  geo-referenced  soil  samples. 


1.  Introduction 

Agricultural  land  degradation  has  been  one  of  the 
greatest  threats  to  food  production  worldwide.  The 
overwhelming  development  under  the  era  of  oil 
discovery  and  fast  communication  has  encouraged 
intentional/non-intentional  degradation  of  water  and 
land  resources  [1,  2],  Mismanagement  of  agricultural 
lands  and/or  encroachment  of  urban  areas  on 
agricultural  lands  are  just  few  signs  of  bad  land 
management  practices.  Such  bad  practices  may  lead  to 

Corresponding  author:  Ahmed  Ali  Salih,  professor, 
research  field:  soil  science.  E-mail:  ahmedalis@agu.edu.bh. 


land  degradation.  Most  academic  definitions  of  land 
degradation  are  orbiting  about  loss  of  biological 
and/or  economic  resilience  and  adaptive  capacity  of 
land  systems  [3-5].  Land  degradation  may  result  from 
different  causes,  however,  it  is  estimated  that  about 
550  million  hectares  of  degraded  land  was  attributed 
to  agricultural  mismanagement  [6].  The  same  source 
estimated  that  of  this  area  400,000  km  were  affected 
by  soil  salinization  and  water  logging.  Salinization 
was  estimated  to  affect  about  20-30  million  hectares 
of  the  irrigated  260  million  hectares  [7,  8].  Young  [9] 
stressed  the  need  for  continuous  soil  monitoring  at 
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national  levels  as  global  assessment  would  be 
unsuccessful  without  such  level  of  data.  One  of  the 
most  important  causes  of  land  degradation  is 
salinization.  Salinization  of  agricultural  lands  in  arid 
areas  is  mainly  attributed  to  inappropriate  practices 
regarding  crop  choice,  irrigation  method,  fertilizer 
application,  bad  quality  of  irrigation  water  and  poor 
drainage. 

Despite  the  small  area  of  the  Kingdom  of  Bahrain, 
agriculture  was  once  one  of  the  main  sources  of 
income.  Idrisi,  a  famous  Arab  geographer  during  the 
12th  century,  described  Bahrain  as  fertile  land 
abundantly  producing  corn  and  dates.  The  total 
agricultural  land  during  late  sixties  was  estimated  to 
be  about  6,000  hectares  [10].  Since  Bahrain  is 
characterized  by  arid  climate  with  mean  annual  winter 
rainfall  of  about  72  mm,  the  natural  springs  and 
groundwater  were  the  main  source  of  supplementary 
irrigation.  Two  distinct  seasons  prevail  in  Bahrain 
with  winter  from  November  to  March,  temperature 
ranging  between  10  °C  and  20  °C  while  summer 
extents  from  April  to  October  with  temperature 
reaching  up  to  48  °C  in  June  and  July.  A  drastic  shift 
came  after  the  oil  discovery  and  the  introduction  of 
drilling  wells  during  the  early  thirties  which  later 
brought  an  unprecedented  social  and  economical 
development.  Such  development  has  attracted 
population  increase  that  exerted  more  pressures  on 
ground  water  and  land  resources.  For  example,  arable 
land  decreased  by  70%,  from  71.40  km2  in  1998  to 
21.60  km"  in  2008.  The  area  planted  with  date  palm 

2  2 

increased  from  7.20  km  to  12.10  km  during  the  same 
period,  while  the  area  planted  with  alfalfa  remained 
constant  at  about  5.60  km2,  the  rest  of  the  area  is 
dedicated  mostly  to  vegetable  crops  [11].  The  number 
of  water  production  wells  has  increased  from  one  in 
1924  to  165  in  1940  and  from  325  in  1955  to  1,126  in 
2008  [11].  It  was  not  so  long  when  the 
overexploitation  of  the  limited  water  resources 
reflected  on  ground  water  deterioration,  drying  of 
natural     springs     and     increased     soluble  salts 


concentration  from  3,400  to  11,000  ppm  [12].  Sowar 
[13]  found  that  the  piezometric  level  of  the  Damam 
aquifer  over  Bahrain  has  dropped  by  about  1.5  m 
during  the  period  1991-2001  while  the  water  salinity 
level  in  some  areas  of  Manama  and  Muharraq  had 
exceeded  15,000  mg/L.  Few  studies  have  addressed 
soil  degradation  in  Bahrain,  e.g.,  the  study  conducted 
in  the  Karranah  village  and  the  Island  of  Nabih  Saleh 
[14].  The  study  concluded  that  ground  water 
salinization,  soil  texture  and  mal-farming  practices 
were  among  the  main  reasons  for  soil  salinization  in 
the  studied  areas.  Other  evidence  can  be  drawn  from 
Ref.  [15]  which  considered  man  as  the  dominant 
impact  factor,  since  the  rate  of  natural 
geomorphological  process  is  considered  to  be 
relatively  slow  in  Bahrain  owing  to  its  arid 
environment.  On  the  other  hand,  ground  water 
deterioration  and  the  reduction  on  agricultural  areas 
using  remote  sensing  and  GIS  technologies  have  been 
taken  into  account  in  some  recent  studies  [16-19]. 

Most  recently,  there  is  a  general  direction  to  expand 
the  utilization  of  tertiary  treated  sewage  effluent  (TSE) 
for  irrigation  in  Bahrain  to  ease  the  pressure  on 
groundwater  abstraction. 

The  main  objective  of  this  study  is  to  assess  the 
status  of  land  degradation  in  the  main  agricultural  area 
in  the  Kingdom  of  Bahrain.  The  study  also  aims  at 
understanding  the  relationship  between  land 
degradation  and  some  land  management  practices 
such  as  irrigation  methods,  farming  practices  and 
source  of  irrigation  water  while  providing  baseline 
information  for  future  studies  in  some  geo-referenced 
agricultural  areas  in  the  Kingdom  of  Bahrain. 

2.  Materials  and  Methods 

The  two  study  areas  Diraz  (2.41  km  )  and  Budayyi 
(1.48  km  ),  are  the  most  important  production  area  in 
the  country.  More  than  33  geo-referenced  soil  samples 
were  taken  from  farms  in  Diraz  and  Budayyi 
agricultural  production  locations  (Fig.  1).  No  systematic 
grid  sampling  was  possible  since  the  accessibility  of 
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Fig.  1    Location  of  soil  samples  shown  as  white  dots. 

certain  farms  was  hindered  by  the  availability  of 
residences  and  the  permission  for  data  collection.  A 
soil  profile  was  made  within  each  selected  site.  The 
first  site  represents  the  agricultural  area  in  the 
Northern  parts  at  Diraz  with  13  completed  soil 
samples  to  the  depth  of  90  cm  at  30  cm  intervals. 
Those  samples  were  separately  analyzed  for  each 
specific  soil  depth.  The  second  location  was  within  the 
most  important  agricultural  lands  with  19  completed 
sampling  spots  at  Budayyi  area.  Fig.  1  shows  the 
sampling  sites  superimposed  on  Bahrain  map.  Some 
of  the  soil  samples  were  taken  from  outside  the 
irrigated  area  to  represent  uncultivated  soil.  The 
collected  soil  samples  were  air-dried,  crushed,  and 
passed  through  a  2-mm  sieve.  Standard  procedures 


were  followed  to  determine  soil  physiochemical 
properties  [20-23].  The  analysis  was  carried  out  in  the 
Soil  Laboratory  of  the  Arabian  Gulf  University.  Soil 
texture  was  determined  using  the  hydrometery  method. 
Soil  pH  and  EC  parameters  were  given  from  soil 
saturated  water  extract  using  pH  meter  and 
conductivity  bridge.  The  amount  of  soluble  and 
exchangeable  Na,  K,  Ca  and  Mg  were  determined 
using  the  Flame  Photometer.  Carbonates  and 
bicarbonates  were  determined  from  saturated  soil 
extracts  using  the  titration  method  with  H2SO4  N  0.1 
to  pH  8.3  and  4.5,  respectively  [24].  Soluble  chloride 
was  determined  by  titration  with  AgNO"3  N  0.01.  It  is 
important  to  mention  that  the  exchangeable  sodium 
percentage  (ESP)  was  calculated  using  the  measured 
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sodium  adsorption  ratio  (SAR)  according  to  the  model 
presented  by  Ref.  [25].  Direct  field  observations  were 
also  taken  during  the  soil  sampling  process.  These 
included  but  were  not  limited  to  current  farm  cropping 
system,  irrigation  method  and  source  of  irrigation 
water,  presence  of  crust  and/or  salt  accumulation  on 
surface  and  ground  water  level.  The  distance  of  the 
soil  sample  location  from  the  sea  was  also  considered 
in  the  analysis  where  the  GPS  was  used  to  measure 
the  shortest  distance  between  the  sample  location  and 
sea  using  GIS  technique  and  finally  the  sampling 
points  with  respect  to  the  area  under  active  irrigation 
activity  (inside  and  outside  the  irrigation  area). 

3.  Results  and  Discussion 

According  to  the  land  capability  map  [26],  the 
sampled  locations  are  liable  to  salinization.  Preliminary 
analysis  of  the  EC  data  revealed  high  variability  within 
and  between  the  two  locations  at  the  30  cm  depth. 
Table  1  shows  some  descriptive  statistics  of  EC  in  the 
two  locations  while  Figs.  2  and  3  show  the  spatial  and 
quantitative  distribution  of  salinity  levels  in  the  two 
locations  at  the  three  depths  increments.  Thorough 
examination  of  Table  1  in  conjunction  with  Figs.  2  and 
3  leads  to  the  following  points: 

(1)  Higher  salinity  levels  were  observed  at  Budayyi 
area  compared  with  Diraz; 

(2)  Salinity  level  decreased  with  soil  depth  at  both 
locations; 

(3)  Within  each  location  the  surface  salinity  levels 
at  0-30  cm  depth  were  significantly  higher  than  the 


lower  depth  increments,  while  the  distance  of  the 
sampling  point  from  the  sea  did  not  show  any  specific 
pattern  regarding  the  salinity  at  both  location; 

(4)  There  is  more  vertical  variability  (soil  depth) 
within  the  same  sampling  point  in  Budayyi  location 
than  within  samples  in  Diraz  location; 

(5)  Both  locations  showed  higher  salinity  levels  on 
samples  taken  just  outside  the  actively  growing  areas 
compared  with  those  taken  within.  The  effect  is  more 
prominent  at  the  0-30  cm  depth. 

Those  results  suggest  other  contributing  factors  such 
as  farm  management  practices  and  farm  activities. 

The  spatial  distribution  of  salinity  in  Diraz  using 
inverse  distance  smoothing  on  the  sampled  locations 
superimposed  on  the  map  (Fig.  4),  indicates  clear 
leaching  effects  of  irrigation  as  indicated  by  the  higher 
levels  of  salinities  on  samples  taken  outside  the 
growing  area  (black  dots)  compared  to  those  taken 
from  inside  the  plots  (white  dots).  It  is  worth 
mentioning  that  the  two  extreme  values  shown  in  Fig. 
4  were  also  linked  with  deserted  farms. 

Similarly,  Budayyi  location  has  shown  higher  levels 
of  salinity  especially  at  the  surface  on  samples  taken 
from  outside  the  growing  area  (Fig.  5).  Those  high 
surface  salinities  decreased  with  depth  as  shown  for 
the  60-90  cm  (Fig.  6).  Further,  extreme  data  points 
shown  in  Figs.  4-6  were  attributed  to  management  as 
field  observations  in  Diraz  and  Budayyi  indicated 
prolonged  in-active  farm  status  that  led  to  salt 
concentration  by  evaporation  and  absence  of  leaching 
by  irrigation  water  (Tables  2  and  3). 


Table  1    Some  descriptive  statistics  of  EC  (dS/m)  in  Diraz  and  Budayyi  locations. 

Description 

Diraz  soil  depth  (cm) 

Budayyi  soil  depth  (cm) 

0-30 

30-60 

60-90 

0-30 

30-60 

60-90 

Mean 

38.5 

16.5 

13.9 

60.8 

26.1 

17.0 

Standard  error 

12.65 

1.98 

1.71 

11.26 

4.66 

3.03 

Standard  deviation 

45.62 

7.14 

6.18 

50.35 

20.82 

13.55 

Sample  variance 

2,081.38 

50.98 

38.20 

2,534.89 

433.63 

183.69 

Kurtosis 

1.184 

-1.141 

0.775 

-0.003 

2.615 

4.598 

Skewness 

1.517 

0.427 

0.812 

0.743 

1.592 

2.226 

Minimum 

5.37 

7.51 

5.96 

4.56 

4.19 

5.60 

Maximum 

136.00 

28.90 

27.90 

175.70 

86.10 

55.80 
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Fig.  2  Spatial  and  quantitative  distribution  of  salinity  in  Diraz  with  filled  marks  representing  samples  taken  outside  the 
growing  area. 
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Fig.  3  Spatial  and  quantitative  distribution  of  salinity  levels  in  Budayyi  with  filled  marks  representing  samples  taken 
outside  the  growing  area. 
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Fig.  4    Distribution  of  EC  (dS/m)  at  0-30  cm  soil  depth  in  Diraz  area. 
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Fig.  5    Distribution  of  EC  (dS/m)  at  the  0-30  cm  soil  depth  in  Budayyi. 
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Fig.  6    Distribution  of  EC  (dS/m)  at  the  60-90  cm  soil  depth  in  Budayyi. 


Table  2  Some  chemical  and  physical  properties  measured  at  0-90  cm  depth  arranged  according  to  distance  of  samples  from 
the  sea  in  Diraz  location. 


Sodium  absorption 
Distance  ra(j0 
from  the 
sea  (m) 


Exchangeable 
sodium  % 


pH  Texture 


Soil  sampling  depth  (cm) 


-General  farm 
description 


Sample  location 


Irrigation  Water 
method  source 


0-30     30-60  60-90    0-30  30-60  60-90  0-60  0-90 


72 

110 

184 

249 

272 

304 

328 

379 

453 

528 

615 

710 

716 


4.4 
5.7 
58.4 
10.5 
107.2 
24.0 
70.1 
5.4 
4.8 
6.5 
5.7 
6.7 
17.3 


7.4 
17.7 
16.7 
9.0 
16.7 
13.6 
16.7 
7.0 
8.9 
8.3 
4.4 
6.9 
15.5 


44.8 
5.4 
13.3 
10.0 
11.1 
10.7 
17.9 
5.6 
7.4 
11.2 
7.4 
10.2 
13.8 


4.9 
6.7 
45.9 
12.4 
61.1 
25.4 
50.5 
6.3 
5.6 
7.7 
6.7 
7.9 
19.6 


19.9 
19.0 
10.7 
19.0 
15.8 
19.0 
8.3 
10.6 
9.9 
4.9 
8.2 
17.7 


39.3 
6.3 
15.5 
11.9 
13.2 
12.6 
20.1 
6.5 
8.8 
13.3 
8.8 
12.1 
16.0 


7.7 
7.1 
7.7 
6.9 
6.9 
7.7 
7.1 
7.9 
7.9 
7.8 
8.7 
8.0 
7.9 


Sandy  loam 
Sandy  loam 
Sandy  loam 
Loamy  sand 
Sand 

Loamy  sand 
Sand 

Loamy  sand 
Loamy  sand 
Loamy  sand 
Sandy  loam 
Loamy  sand 
Loamy  sand 


Active  farm 
Active  farm 
Active  farm 
Active  farm 
Active  farm 
Active  farm 
Deserted  farm 
Active  farm 
Active  farm 
Active  farm 
Active  farm 
Active  farm 
Not  cultivated 


Outside  basins 
Inside 

Outside  basins 
Inside 

Outside  basins 
Outside  basins 
Barren  area 
Inside 
Inside 
Inside 
Inside 
Inside 

Between  basins 


Flood 

Flood 

Flood 

Flood 

NA 

NA 

NA 

Flood 

Flood 

Flood 

Flood 

Flood 

NA 


GW 
GW 
GW 
GW 
NA 
NA 
NA 
GW 
NA 
GW 
GW 
GW 
NA 


NA:  not  available;  GW:  groundwater;  TSE:  tertiary  treated  sewage  effluent. 
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Table  3  Some  chemical  and  physical  properties  measured  at  0-90  cm  depth  arranged  according  to  distance  of  samples  from 
the  sea  in  Budayyi  location. 


Distance 

SAR 

ESP( 

%) 

pH 

Texture 

Sample 
location 

from  the 

Soil  sampling  depth  (cm) 

General  farm  description 

Irrigation  Water 
method  source 

sea  (m) 

0-30 

30-60 

60-90 

0-30 

30-60 

60-90 

0-60 

0-90 

66 

55.8 

32.7 

8.0 

44.8 

31.9 

9.5 

7.4 

Loamy  sand 

Trees 

Between  trees 

NA 

GW 

71 

4.4 

4.7 

4.3 

5.0 

5.3 

4.8 

8.5 

Sandy  loam 

Cultivated  basins,  forage  crops 

Inside 

Flood 

NA 

83 

35.0 

11.3 

9.6 

33.5 

13.4 

11.4 

7.1 

Sandy  loam 

Not  cultivated,  salt  traces 

Bare  soil 

NA 

NA 

103 

12.6 

5.5 

5.0 

14.8 

6.4 

5.7 

7.9 

Sand 

No  crops  when  sampled 

Inside 

Flood 

GW 

139 

19.7 

21.9 

14.9 

21.8 

23.7 

17.1 

7.8 

Sandy  loam 

Active  farm 

Outside  basins 

Flood 

NA 

167 

9.1 

10.7 

8.9 

10.8 

12.7 

10.6 

7.9 

Sandy  loam 

No  crops  when  sampled 

Inside 

Flood 

NA 

183 

70.7 

21.0 

17.4 

50.7 

22.9 

19.6 

7.7 

Sandy  loam 

Not  cultivated,  salt  traces 

Bare  soil 

NA 

NA 

215 

13.6 

16.3 

10.8 

15.8 

18.6 

12.8 

7.9 

Sandy  loam 

Alfalfa  basins 

Inside 

Flood 

GW 

232 

139.6 

40.8 

25.4 

67.2 

37.1 

26.6 

7.7 

Sandy  loam 

Trees 

Between  trees 

NA 

NA 

275 

62.9 

35.1 

13.1 

47.8 

33.6 

15.3 

7.3 

Sandy  loam 

Trees 

Between  trees 

NA 

NA 

330 

8.9 

7.7 

6.4 

10.6 

9.2 

7.5 

7.9 

Sandy  loam 

No  crops  when  sampled 

Inside 

Flood 

NA 

356 

32.0 

21.2 

13.2 

31.5 

23.0 

15.4 

7.6 

Sandy  loam 

Greenhouse 

Outside 

Drip 

GW 

361 

57.7 

41.8 

17.7 

45.6 

37.7 

19.9 

7.3 

Loamy  sand 

10  years  fallow 

Bare  soil 

NA 

TSE 

366 

58.6 

15.5 

9.0 

46.0 

17.8 

10.7 

7.5 

Loamy  sand 

three  years  fallow,  surface  crust  Bare  soil 

Flood 

GW 

382 

47.4 

17.8 

7.3 

40.7 

20.0 

8.6 

7.7 

Loamy  sand 

three  years  fallow 

Bare  soil 

Flood 

GW 

398 

3.2 

4.8 

3.7 

3.4 

5.5 

4.1 

8.1 

Sand 

Cultivated  basins 

Inside 

Flood 

GW 

413 

47.0 

20.8 

14.9 

40.5 

22.8 

17.1 

7.5 

Sandy  loam 

Trees,  salt  on  surface 

Between  trees 

NA 

NA 

511 

78.9 

29.9 

32.3 

53.5 

30.0 

31.7 

7.3 

Sandy  clay  loam 

15  years  fallow,  salt  on  surface  Bare  soil 

NA 

NA 

676 

17.2 

11.0 

7.3 

19.4 

13.0 

8.7 

7.5 

Sand 

Greenhouse 

Outside 

Drip 

GW 

NA:  not  available;  GW:  groundwater;  TSE:  tertiary  treated  sewage  effluent. 


The  samples  for  each  depth  taken  inside  the 
irrigated  area  were  combined  from  the  two  locations 
and  analyzed  against  their  corresponding  combined 
samples  taken  from  outside  the  irrigated  area  using 
one  factor  analysis  of  variance  (ANOVA).  Results 
indicated  significant  differences  regarding  EC  at  all 
the  sampling  depth  increments  as  shown  in  Table  4. 
The  highest  differences  were  observed  at  the  0-30  cm 
depth  increment  with  significantly  lower  EC  levels  in 
samples  taken  within  the  active  irrigated  area 
indicating  the  importance  of  leaching. 

Table  5  presents  the  expected  leaching  fraction  for 
some  of  the  active  farms  in  both  locations  using  Ayers 

Table  4  EC  (dS/m)  means  and  statistical  analysis  for  the 
samples  taken  from  inside  and  outside  of  the  irrigated  area 
combined  for  both  locations. 

„       ,     .    Samples  inside    Samples  outside  Level  of 
Depth  (cm)    .  .  v  .  .  v  . 

irrigated  area      irrigated  area  significance 

0-30  11.5  84.6  P  =  0.001 

30-60  11.5  33.5  P  =  0.001 

60-90  11.1  20.0  P  =  0.05 


and  Westcot  relationship  of  ECe/ECw  [27],  where 
ECe  represents  the  average  soil  salinity  at  0-60  cm 
(dS/m)  and  ECw  is  the  actual  groundwater  salinity 

Table  5    Calculated  leaching  fraction  (LF)  for  some  active 

farms  based  on  average  soil  salinity  at  0-60  cm  depth  and 

actual  groundwater  salinity  in  Diraz  and  Budayyi  locations. 

j      ..        Distance  from  Average 
Location          .  .  °.  .      ECe/ECw  LF 

sea  (m)  ECe  (dS/m) 


110 

12.7 

2.6 

0.07 

249 

15.8 

3.2 

0.05 

379 

6.7 

1.4 

0.20 

453 

8.3 

1.7 

0.14 

Diraz 

528 

9.3 

1.9 

0.11 

615 

7.2 

1.5 

0.18 

710 

9.1 

1.9 

0.12 

716 

23.8 

4.9 

0.02 

71 

5.5 

1.1 

0.27 

103 

14.4 

2.9 

0.06 

167 

7.1 

1.4 

0.18 

Budayyi 

215 

12.9 

2.6 

0.07 

330 

18.6 

3.8 

0.04 

398 

4.6 

0.9 

0.36 

676 

16.3 

3.3 

0.05 
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levels  which  were  found  to  be  4.9  dS/m  and  5.0  dS/m 
for  Diraz  and  Budayyi,  respectively.  The  analysis  of 
CaCC>3  content  (%)  in  the  two  locations  indicated 
clear  correlation  of  CaCC>3  content  with  the  distance 
from  sea  in  Diraz  area,  especially  for  the  0-30  cm 
layer  (R  =  0.77,  Fig.  7a).  On  the  other  hand,  Budayyi 
did  not  show  such  clear  trend  (Fig.  7b).  This  may 
suggest  the  need  for  more  research  on  the  pedology  of 
Budayyi  location.  Further  spatial  analysis  of  CaCC>3 
using  inverse  distance  and  ArcGIS  technique  showed 
so  • 


that  the  gradient  of  CaCC>3  concentration  is  rather 
taking  a  south-north  direction  especially  for  the  0-60 
cm  soil  layer  (not  shown  here). 

Examination  of  SAR  in  conjunction  with  EC  has 
shown  that  higher  SAR  coincides  with  higher  EC  (Fig. 
8).  High  SAR  has  the  potential  to  impair  soil  structure 
and  thus  soil  permeability;  it  is  particularly  true  when 
the  EC  of  irrigation  water  or  soil  water  is  not  high 
enough  to  counteract  the  negative  effect  of  sodium  on 
soil  structure. 


(a) 
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o  o 
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□ 
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■  O 

■□ 
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5  - 
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Fig.  7  Spatial  and  quantitative  distribution  of  CaC03  (%)  in  Budayyi  (a)  and  Diraz  (b)  showing  soil  depth,  samples 
locations  and  correlation. 
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4.  Conclusions 

Salinity  is  the  main  cause  of  land  degradation  in 
Bahrain  owing  to  worsening  ground  water  quality  and 
poor  land  management  practices.  Leaching  requirements 
should  be  designed  according  to  the  prevailing  salinity 
levels  in  soils  and  irrigation  water  to  enhance 
sustainable  agricultural  production.  More  use  of  TSE 
will  reduce  the  pressure  on  groundwater  and  reduce 
fertilizer  use  since  TSE  contains  some  of  the  essential 
nutrients.  A  baseline  was  set  and  geo-referenced  for 
further  detailed  studies  and  follow-up  regarding 
agricultural  land  degradation  in  Bahrain.  However, 
further  research  is  needed  to  investigate  the  quality  and 
safety  of  using  TSE  for  irrigation  in  addition  to  the 
effects  of  irrigation  systems  on  salinity. 
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Abstract:  Inorganic  fertilizer  NPK  (nitrogen,  phosphorus  and  potassium)  (S)  25:5:5:5  is  generally  recommended  for  optimum  yield 
and  quality  of  tea  (Camellia  sinensis).  Non-judicious  use  of  this  inorganic  fertilizer  however  acidifies  the  soils  and  pollutes  the 
environment.  Integrated  soil  fertility  management  (ISFM)  which  involves  the  combined  use  of  organic  and  inorganic  fertilizer  is 
recommended  for  improved  crop  yield  and  soil  health.  An  experiment  was  carried  out  to  determine  the  effect  of  enriching  cattle 
manure  with  different  ratios  of  inorganic  fertilizers  (OM:  NPKS  at  ratios  1:2  and  1:4),  and  rates  on  soil  nutrient  status,  nitrogen 
uptake  and  yield  of  tea  in  the  east  of  Rift  Valley,  Kenya.  Enriching  manures  and  organic  manure  up  to  a  rate  of  150  kg  N/ha 
increased  the  level  of  P  mature  leaf.  A  higher  N  and  K  level  in  the  mature  leaf  was  observed  when  NPKS  was  applied  at  higher  rates. 
In  the  soil,  fertilizer  rate  up  to  150  kg  N/ha  showed  higher  pH  and  K  where  organic  manure  and  enriched  manures  were  applied  while 
NPKS  treatment  showed  higher  P  content  throughout  the  soil  depths.  Enriching  organic  manures  with  inorganic  fertilizers  increased 
yield  significantly. 

Key  words:  Cattle  manure,  enrichment,  nitrogen,  tea  (Camellia  sinensis),  yield,  inorganic  fertilizer,  ISFM. 

1.  Introduction 

Tea  {Camellia  sinensis),  one  of  the  leading  cash 
crops  in  Kenya  can  remain  in  production  for  up  to  1 00 
years.  The  regular  harvesting  of  the  crop  (two  leaves 
and  a  bud)  however  implies  that  nutrients  are 
continuously  mined  from  the  soil.  Nitrogen  is  one  of 
the  most  important  nutrients  for  tea  production.  A 
yield  of  4,000  kg  made  tea/ha  removes  about  1 60-200 
kg  N,  12-15  kg  P205  and  84-100  kg  K20  from  the  soil 
[1].  Replacement  of  the  lost  nutrients  is  crucial  for 
sustainable  production  of  the  crop. 

In  Kenya,  a  fertilizer  rate  of  100-200  kg  N/ha  in 
form  of  compound  fertilizer  (NPKS)  is  recommended 
for  optimal  yield  and  quality  of  tea.  Many  farmers  use 
more  than  the  recommended  rates  in  a  bid  to  realize 
high  crop  yield  [2].  The  high  fertilizer  rates  are  not 
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only  expensive,  but  they  could  also  acidify  the 
rhizosphere  and  pollute  the  water  masses  [3].  Cattle 
manure,  one  of  the  alternative  nutrient  sources 
especially  in  acid  soils  is  however  limited  by  quality 
and  quantity  and  is  laborious  [4,  5].  Integrated  soil 
fertility  management  (ISFM)  narrowly  defined  as  the 
combined  use  of  organic  and  inorganic  fertilizers  is 
recommended  because  of  the  synergistic  effects  that 
result  in  high  crop  yield  and  improved  chemical, 
physical  and  biological  soil  conditions  [6,  7].  The  use 
of  ISFM  has  mainly  involved  enrichment  before 
application  or  physical  combination  during  application 
especially  in  annual  crops.  The  benefits  of  ISFM  have 
been  demonstrated  in  the  annual  crop  systems,  but  the 
challenge  is  how  much,  in  what  proportions  and  when 
the  different  fertilizer  types  are  to  be  used.  An 
experiment  was  carried  out  to  determine  the  effect  of 
fertilizer  types  and  rates  on  soil  properties,  nitrogen 
uptake  and  yield  of  tea. 
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2.  Materials  and  Methods 

2.1  Site  Description 

A  field  experiment  was  established  in  the  year  2000 
at  Kangaita,  latitude,  0°26'  S,  longitude  37°  15'  E  and 
altitude  of  2,020  m  above  sea  level  on  the  slopes  of 
Mt  Kenya  at  East  of  Rift  Valley,  Kenya.  The  soils  are 
red  clay  classified  as  Humicacrisols  [8]. 

2.2  Treatment  Combination 

A  high  yielding  clone  TRFK  31/8  was  used.  The 
treatments  were:  1,  NPKS  25:5:5:5;  2,  cattle  manure; 

3,  enriched  fertilizer  of  cattle  manure:  NPKS  25:5:5:5 
at  a  ratio  of  2:1;  4,  enriched  fertilizer  of  cattle  manure: 
NPKS  25:5:5:5  at  a  ratio  of4:l. 

Each  of  the  treatments  was  applied  at  equivalent 
rates  of  0,  75,  150  and  225  kg  N/ha/year.  Cattle 
manure  was  sourced  from  the  nearby  farmers'  fields 
and  standardized  using  the  N  content.  The  fertilizers 
were  applied  during  the  first  week  of  September  2010 
and  2011. 

2.3  Experimental  Design 

The  trial  was  a  four  by  four  factorial  experiment 
laid  out  in  a  randomized  complete  block  design 
(RCBD)  and  replicated  three  times.  Each  plot  was 
(10.98  x  5.46)  m2.  The  net  plot  comprising  of  (7  x  14) 
bushes  spaced  at  (1.22  x  0.61)  m2.  The  whole  trial  was 
surrounded  by  a  complete  guard-row  of  tea  bushes. 

2.4  Laboratory  Analysis 

2.4.1  Soil  Analysis 

Six  soil  samples  from  each  plot  were  taken  from  top 
(0-20  cm)  and  sub  soil  (40-60  cm)  during  the  dry 
season  using  a  soil  auger.  The  soil  was  air  dried, 
sieved  (2  mm)  and  analyzed  for  its  pH,  P,  K  and 
cation  exchange  capacity  (CEC)  [9].  Cattle  manure 
was  also  analyzed  for  its  chemical  composition  [9]. 

2.4.2  Nitrogen  Uptake 

Leaf  analysis  has  been  used  for  a  long  time  as  a 
diagnostic  tool  in  many  perennial  crops.  Fifty  mature 


on  Soil  Nutrient  Status,  Nitrogen 
{Camellia  sinensis) 

leaves/net  plot  were  sampled  and  taken  to  the 
laboratory  for  oven  drying  for  24  h  at  105  °C  and 
milled  using  the  coffee  miller  (®Ramtons).  Nitrogen 
was  determined  using  Kjeldahl  method,  P  by 
spectrophotometer  and  K  by  the  flame  photometer  [9]. 

2.5  Yield 

Tea  was  plucked  at  7-10  d  interval  and  the 
weight/plot  was  recorded  at  every  plucking  round.  The 
yields  were  converted  to  kg  made  tea  per  hectare  per 
year  (kg  mt/ha/year)  using  the  following  equation: 

Y=(nxax  0.225)/b 
where,  Y  is  kg  made  tea/ha,  n  is  green  leaf  yield  per 
plot,  a  is  plant  population  per  hectare,  0.225  is  the 
factor  converting  green  leaf  to  made  tea  [  1 0]  and  b  is 
the  number  of  plants  per  plot. 

2.6  Statistical  Analysis 

Data  was  subjected  to  analysis  of  variance 
(ANOVA)  using  SAS  version  9.0  statistical  software 
package.  Means  were  separated  by 
Student-Newman-Keuls  (SNK).  Soil  data  with  high 
coefficient  of  variations  (CV)  was  transformed  using 
loge(x+l). 

3.  Results  and  Discussion 

3.1  Soil  Properties 

The  manure  and  soil  chemical  characteristics  are 
shown  in  Table  1  below.  The  soils  are  quite  acidic  and 
low  in  nutrient  level. 

Soil  pH  was  significantly  affected  by  the  fertilizer 
type  (Table  2).  Cattle  manure  had  the  highest  soil  pH. 

Table  1    Chemical  characteristics  of  the  soil  and  manure. 


Parameter 

Soil 

Manure 

pH(H20)  1:1 

3.6  ±  0.1 

7.3 

P  (mg/kg) 

17.8  ±2.6 

0.28 

K  (mg/kg) 

149.0  ±0.4 

1.31 

Ca  (mg/kg) 

155.5  ±0.3 

0.89 

Mg  (mg/kg) 

19.0  ±0.4 

0.24 

C 

nd 

22.8 

C:N  ratio 

nd 

22 

±  standard  error;  nd:  not  determined. 
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Table  2    Effect  of  fertilizer  type  and  rate  on  soil  pH,  P  and  K. 


Parameter 

Fertilizer  type 

Rate  (kg  N/ha/year) 

o 

75 

150 

225 

 Mean 

T1  fNPKS,l 

3.56" 

3.20b 

3.32b 

3.32b 

3.35b 

T2  roivn 

1          1  V-'lV-l.  1 

3.57a 

3.64a 

3.81" 

3.84" 

3.72" 

Soil  pH 

1  J  ^IZi,  111  1 . Z, 

D  .J  1 

3.33b 

3.24b 

J  .z,  J 

T.  T.Ab 

J  iJT 

T4  (T7-T1  'I  1  -4 

1    li.  Ill  l.T 

3.57a 

3.35b 

3.26b 

3.26b 

3.36b 

Mean 

3.57 

3.38 

3.40 

3.42 

^  1  /"ivTT>iyo\ 

1 1  (NPKb) 

16.67" 

19.33" 

34.00" 

44.00" 

 r  

28.50 

T2  (OM) 

16.67a 

17.33b 

22.67" 

21.67b 

20.34" 

P 

T3  (T2:T1)  1:2 

16.67a 

17.33b 

22.67b 

23.67b 

19.09" 

T4  (T2:T1)  1:4 

16.67a 

19.33" 

24.33b 

24.33b 

20.92" 

Mean 

16.67 

18.33 

25.92 

28.42 

Tl  (NPKS) 

5.00a 

4.90" 

4.97b 

5.17"b 

5.01 

K 

T2  (OM) 

5.03a 

4.94" 

5.89" 

5.90" 

5.44 

T3  (T2:l)  1:2 

5.00a 

4.94" 

4.64b 

4.60b 

4.80 

T4  (T2:T1)  1:4 

4.99a 

4.90" 

4.69b 

4.65b 

4.80 

Mean 

5.01 

4.92 

4.95 

4.86 

Means  with  different  letters  within  the  same  block  are  significantly  different. 


The  increase  in  soil  pH  with  organic  manure  was  due 
to  the  fact  that  during  decomposition  of  organic 
materials,  level  of  available  cations  was  increased  [11]. 
In  addition,  organic  acid  anions  may  have  complexed 
Al3+  ions  that  contribute  to  acidity.  This  was 
confirmed  from  the  reduced  level  of  exchangeable 
acidity  by  cattle  manure  (Table  3).  Oxidation  of 
organic  acid  anions  is  generally  considered  as  the 
main  contributor  to  the  increased  soil  pH  [12]. 
Enriched  manures  and  NPKS  reduced  soil  pH 
probably  because  of  the  higher  amount  of  NH4+  and 
NO3"  which  underwent  mineralization  and  nitrification, 
and  releasing  H+  ions  in  the  soil  [13].  Increased  soil 
pH  with  addition  of  organic  manure  and  reverse  with 
use  of  inorganic  fertilizers  and  enriched  manures  has 
been  noted  in  central  highlands  of  Kenya  [14]. 

Generally,  soil  pH  decreases  with  increase  in 
fertilizer  rate  except  for  organic  manure  where  it 
increases  with  increase  in  fertilizer  rate.  The  decrease 
in  soil  pH  with  increase  in  N  rate  applied  in  tea  soils 
has  previously  been  reported  [8].  The  effect  is 
probably  because  of  the  increased  level  of  NH41".  The 
soil  pH  decreased  with  increase  in  soil  depth  where 
NPKS  fertilizer  was  applied. 


This  is  consistent  with  the  principle  that  inorganic 
N  fertilizers  increase  soil  acidification  not  only  on  the 
top  soil  but  also  in  the  subsoil  [15-17]. 

The  NPKS  and  enriched  manures  led  to  high  P  in 
the  soil  probably  because  of  differences  in  nutrient 
levels.  Phosphorus  level  also  significantly  increased 
with  the  increase  in  fertilizer  rate.  Similar  results  have 
been  reported  on  the  effects  of  rates  and  frequency  of 
applications  on  soil  chemical  properties  [15]. 

The  soil  extractable  K  was  significantly  affected  by 
the  fertilizer  type  and  rate  (Table  2).  Cattle  manure 
had  the  highest  available  K+  followed  by  NPKS  and 
lastly  enriched  manures.  The  results  were  expected 
because  cattle  manure  supplies  K+  on  mineralization 
and  has  the  acid  humus  that  helps  in  adsorption  of  K+ 
leading  to  reduced  leaching  [18].  Large  quantities  of 
NH4  -N  ions  in  enriched  manure  may  have  however 
displaced  K+  from  the  soil  matrix.  When  NPKS  was 
used  compared  to  the  control,  lower  soil  K+  has 
previously  been  noted  [16]. 

3.2  Nitrogen  Uptake 

The  N  content  in  the  mature  leaf  did  not  differ 
significantly  with  fertilizer  type  for  both  seasons  (Fig.  1). 
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Table  3    Effects  of  enrichment  and  rate  on  exchangeable  acidity  in  the  soil  at  Kangaita. 

Exchangeable  acidity 


Al  concentration 


Fertilizer  type 

Rate  N  (kg/ha) 

Rate  N  (kg/ha) 

0 

75 

150 

225 

0 

75 

150 

225 

Cattle  manure 
(OM) 

0.09a* 

0.071 

0.05a 

0.04a 

0.71a 

0.07a 

0.08a 

0.37a 

OM:  NPKS  1:2 

0.09a 

0.071 

1.00b 

0.38b 

0.71a 

0.73b 

1.02b 

0.71b 

OM:  NPKS  1:4 

0.09a 

0.071 

1.00b 

0.39b 

0.71a 

0.73b 

1.03b 

1.03c 

NPKS 

0.09a 

0.071 

1.00b 

1.01° 

0.71a 

0.72b 

1.03b 

1.35d 

*Means  with  different  letters  within  the  same  block  are  significantly  different. 


3.8 
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— .  3-4 
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Fig.  1    Effects  of  fertilizer  type  and  rate  on  the  N  content  of  the  mature  leaf  at  different  seasons. 


Thus  NPKS  fertilizer,  enriched  cattle  manure  or  sole 
cattle  manure  can  be  used  to  maintain  tea  bush.  Using 
either  25:5:5:5  or  20:10:10  did  not  result  in  different 
N  contents  in  the  mature  leaf  [19].  Fertilizer  rate 


significantly  increased  the  N  content  in  the  mature  leaf 
in  the  first  season.  The  seasonal  variation  might  be 
due  to  severe  drought  which  was  observed  between 
February  and  March,  20 1 1 .  An  increase  in  N  content 
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(a)  Year  2010 

Fig.  2    Effects  of  fertilizer  type  and  rate  on  annual  crop  yield  at  different  years. 


(b)  Year  20 11 


in  the  mature  leaf  with  increase  in  fertilizer  rate  has 
also  been  observed  [19].  Increasing  fertilizer  rates 
under  organic  manure  resulted  in  lower  N  content 
compared  to  NPKS  and  enriched  manures.  Lower  N 
content  in  the  mature  leaf  may  be  due  to  slow  release 
of  nutrients  [4].  These  results  suggest  that  organic 
manure  alone  cannot  supply  adequate  N  for 
sustainable  tea  productivity. 

3.3  Crop  Yield 

The  fertilizer  types  were  applied  based  on  N  level, 
the  most  important  nutrient  enhancing  yield.  Yield 
varied  significantly  with  fertilizer  type  and  rate  (Fig.  2). 

The  annual  crop  yield  variation  is  a  common 
characteristic  in  tea  where  several  factors  including 
temperatures,  rainfall,  amount  of  rainfall  and 
distribution  vary  [20].  In  2011  lower  rainfall  was 
received  which  resulted  in  lower  yields  compared  to 
year  2010.  Enriched  manures  had  the  highest  yield 
followed  by  NPKS  and  organic  manure  especially  at 
higher  fertilizer  rates.  The  response  of  tea  yield  to  the 
increase  in  N  fertilizer  rate  has  been  reported  in 
several  studies  [16,  17].  The  increase  in  yield  with 
enriched  manures  is  consistent  with  the  principle  that 
ISFM  which  affects  both  the  soil  biological  and 
physical  properties  that  results  in  improved  nutrient 
retention  and  nutrient  release  patterns  thus  increasing 
yield  [7].  The  low  nutrient  status  coupled  with  the 


slow  release  of  nutrients  from  organic  manure  maybe 
responsible  for  the  low  yields  [21].  It  shows  that 
organic  manure  or  NPKS  alone  cannot  sustain  tea 
production. 

4.  Conclusions 

Use  of  organic  manure  resulted  in  higher  soil  pH,  P 
and  K  in  both  mature  leaf  and  in  the  soil.  Although 
enriched  manures  showed  lower  K  in  the  mature  leaf 
and  lower  P  and  K  in  the  soil,  the  use  of  enriched 
manures  resulted  in  higher  soil  pH,  higher  crop  yield 
and  P  in  the  mature  leaf  compared  to  the  use  of 
standard  tea  fertilizer  (NPKS).  Enriched  manures  have 
shown  to  reduce  P  fixation  in  the  soil  resulting  in 
higher  uptake  by  the  crop  hence  lower  amount 
remaining  in  the  soil.  Enriched  manures  can  thus  be 
used  instead  of  the  inorganic  fertilizer  (NPKS)  to 
enhance  tea  production  through  integrated  soil  fertility 
management. 
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Ethylene  Stimulation  of  Rubberwood  (Hevea  brasiliensis) 
Increases  the  Water  Permeability  of  Lumber 
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Abstract:  Hevea  brasiliensis  Muell.  Arg.  is  an  important  industrial  crop  for  natural  rubber  production.  Latex  biosynthesis  occurs  in 
the  cytoplasm  of  highly  specialized  latex  cells  and  latex  bleeds  out  when  the  bark  is  tapped.  Ethylene  stimulation  acts  by  increasing 
latex  flow  to  the  cells  of  inner  bark  from  the  latex  cells,  increasing  yield  and  may  affect  the  physical  properties  of  rubberwood.  The 
aim  of  this  work  was  to  assess  the  permeability  properties  of  ethylene  treated  rubberwood  (TRW)  relative  to  untreated  rubberwood 
(URW),  because  in  wood  industrial  technology,  permeability  relates  to  bondability  and  wood  preservative  treatments.  The  Hevea 
samples  were  of  PRIM  600  strain,  from  20-25  years  old  rubber  trees.  The  TRW  rubber  trees  had  been  stimulated  by  ethylene  gas  for 
six  years.  The  rubberwood  specimens  were  collected  at  a  single  plot  of  plantation  to  minimize  variations  in  soil  fertility, 
environmental  exposures  and  silvicultural  treatments  at  Tumbon  Chaibury,  Amphor  Chaibury,  Suratthani  Province,  Thailand.  The 
moisture  contents  (MC)  of  fresh  rubberwood  were  significantly  different  (P  <  0.05)  at  75%  for  TRW  and  64%  for  URW.  The 
permeability  experiment  followed  Darcy's  law,  and  the  hydrostatic  pressure  was  controlled.  The  average  0.005  Darcy  water 
permeability  of  TRW  was  significantly  higher  than  the  0.001  Darcy  for  URW.  Water  absorptions  during  4  h  water  immersion  of 
rubberwood  blocks  differed  significantly,  and  TRW  had  higher  absorption  than  URW  also  across  6  d  of  immersion.  Scanning 
electron  microscope  (SEM)  imaging  showed  anatomical  effects  that  contribute  to  the  fivefold  permeability  increase. 

Key  words:  Ethylene,  permeability,  rubberwood,  water  absorbance,  water  diffusion. 


1.  Introduction 

Currently  rubber  tree  fanners  stimulate  rubber  trees 
with  ethylene  to  improve  the  latex  yield  of  trees  15 
years  or  older,  and  the  trees  are  felled  around  25-30 
years  age.  While  ethylene  stimulation  benefits  latex 
yield,  it  might  also  impact  the  physical  properties  of 
rubberwood  lumber.  When  the  stimulation  used  holes 
bored  into  wood,  it  generated  injures  and  changed  the 
color  of  lumber  decreasing  the  value  of  lumber.  These 
problems  have  decreased  with  a  new  generation  of 
ethylene  treatments  such  as  RRIMFLOW  technique, 
where  stimulating  ethylene  passes  through  the  wood 
bark  without  drilled  holes.  However,  the  physical, 
mechanical  or  other  key  properties  of  wood  lumber 
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may  be  affected  by  ethylene  treatment,  and  this  is  an 
area  with  current  gaps  in  knowledge. 

At  the  Suratthani  Rubber  Research  Center 
(Thailand)  [1],  they  have  studied  the  moisture  content 
and  shrinkage-swelling  of  ethylene  treated 
rubberwood,  but  no  significant  treatment  effects  were 
observed.  Effects  on  chemical  composition  have  been 
studied,  and  there  are  reports  that  ethylene  treated 
rubberwood  (TRW)  had  higher  lignin  and  extractive 
contents  than  untreated  rubberwood  (URW)  [2]. 
Moreover,  the  TRW  had  higher  resistance  to  white  rot 
fungi  Schizophyllum  commune  and  Garnoderma  spp. 
than  URW,  in  experiments  with  12  weeks  of 
incubation  at  22  °C,  RH  65%.  The  penetration  rate  of 
boron  compounds  (disodium  octaborate  tetrahydrate 
(DOT))  into  TRW  was  higher  than  into  URW  [3]. 
DOT  is  a  conventional  wood  preservative  chemical 
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that  induces  slight  color  changes  in  wood.  It  is  low 
cost  and  locally  available.  The  reports  have  shown 
increased  penetration  rate  of  urea  formaldehyde  (UF) 
and  bondability  for  TRW  relative  to  URW  [4].  These 
results  suggest  that  the  permeability  of  TRW  is  higher 
than  that  of  URW,  but  the  water  permeability  has  not 
been  determined.  Knowing  the  treatment  effects  on 
this  fundamental  physical  property  will  benefit 
industrial  use  of  rubberwood  enabling  informed 
decisions.  While  there  have  been  many  studies  on  the 
latex  yield  from  rubber  tree  plantations  [5-8],  the 
treatment  effects  on  lumber  properties  have  been  less 
well  studied.  In  the  current  study,  we  focused  on  water 
permeability. 

Hevea  brasiliensis  Muell.  Arg.  wood  is  especially 
attractive  because  it  is  a  fast  growing  plantation  tree 
with  a  high  potential  for  sustainable  lumber 
production,  and  also  otherwise  of  interest  to  the  wood 
products  industries.  The  current  practice  of  ethylene 
stimulating  H.  brasiliensis  needs  to  be  assessed  for  its 
impacts  on  wood  anatomy,  which  in  turn  might  affect 
chemical  preservative  treatments  or  adhesive  bonding. 
In  this  work,  Darcy's  law  [9]  was  applied  to  water 
permeability  in  wood.  The  authors  also  determined  the 
water  absorbance  and  water  diffusion  rates  in  wood. 

The  current  research  was  motivated  by  the  needs  of 
both  rubber  farmers  and  the  industries  that  use  rubber 
wood.  If  the  effects  of  farming  practices  on  wood 
quality  are  well  understood  and  can  be  adapted  to,  it 
could  increase  the  value  of  the  wood  raw  material, 
what  should  benefit  also  the  seller.  The  scope  of  this 
research  is  of  necessity  quite  limited  in  relation  to  this 
general  motivation,  but  relates  strongly  to  the 
preservation  treatment  that  is  of  primary  importance 
for  wood  products. 

2.  Materials  and  Methods 

2. 1  Moisture  Content  in  Wood 

The  fresh  H.  brasiliensis  wood  specimens  were 
collected  at  Tumbon  Chaibury,  Amphor  Chaibury, 
Suratthani  Province,  Thailand.  The  six  rubberwood 


blocks  of  30  mm  (longitudinal)  x  30  mm  (tangential) 
x  30  mm  (radial)  were  oven  dried  at  103  ±  2  °C  for  24 
h.  The  moisture  content  (MC)  of  wood  was  calculated 
as: 

mc  =  Mg~m°d  x100% 

MOD 

where,  MG  is  the  green  mass  of  the  wood,  M0d  is  its 
oven-dry  mass. 

2.2  Permeability  of  Wood  to  Water 

Six  H.  brasiliensis  wood  blocks  of  150  mm 
(longitudinal)  x  10  mm  (tangential)  x  5  mm  (radial) 
were  oven  dried  at  103  ±  2  °C  for  24  h,  then  mounted 
onto  the  ends  of  about  2  m  long  rubber  tubes  (9  mm  in 
diameter)  with  about  5  mm  length  in  the  longitudinal 
direction  within  the  tubes.  In  order  to  prevent  solvent 
to  leak  out  from  the  other  surfaces  of  the  wood  blocks, 
the  rest  of  the  wood  blocks  were  sealed  with  parafilm 
(Laboratory  Film,  Chicago,  USA)  leaving  only  the 
surface  of  the  cross-section  at  the  open  ends  of  wood 
blocks  free.  The  rubber  tubes  were  fitted  onto  outlets 
affixed  close  to  the  bottom  of  a  500  mL  plastic 
container.  The  plastic  container  was  positioned  on  a 
shelf  at  about  2  m  height,  and  the  wood  sticks  in  the 
rubber  tubes  were  hanging  in  the  opening  of  a  600  mL 
bottle  standing  on  the  floor.  Water  was  filled  into  the 
500  mL  plastic  box  and  with  a  natural  hydrostatic 
pressure  of  about  20  kPa  (calculated  from  P  =  phg;  P 
=  hydrostatic  pressure  (Pa),  p  =  fluid  density  (kg/m3), 
h  =  the  height  (m),  g  =  gravitational  acceleration 
(m/s  )).  The  water  amount  collected  in  the  bottle  over 
30  min  was  weighed  to  determine  the  permeability  of 
the  wood  sample.  The  distilled  water  was  at  ambient 
temperature  (30  °C),  and  in  the  calculations  it  was 
assumed  to  have  1  cP  viscosity.  The  permeabilities 
determined  are  for  the  axial  direction,  parallel  to  the 
wood  fibers. 

2.3  Water  Absorbance  and  Water  Diffusion  in  Wood 

The  wood  blocks  were  cut  into  four  smaller  blocks 
of  size  30  mm  (longitudinal)  x  10  mm  (tangential)  x  5 
mm  (radial)  each,  discarding  1.5  cm  from  both  ends. 
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These  blocks  were  dried  and  used  in  water  absorbance 
determinations.  Dried  UTR  wood  blocks  (size  30  mm 
(longitudinal)  x  10  mm  (tangential)  x  5  mm  (radial)) 
served  as  control.  Six  wood  blocks  for  each  type  of 
wood  were  immersed  into  distilled  water  at  ambient 
temperature,  and  the  mass  weighed  every  1 5  min  up  to 
4  h  of  total  immersion  time. 

In  another  set  of  water  absorbance  experiments,  six 
oven  dried  blocks  of  each  type  of  H.  brasiliensis  (30 
mm  (longitudinal)  x  10  mm  (tangential)  x  5  mm 
(radial),  dried  at  103  ±  2  °C  for  24  h)  were  immersed 
into  distilled  water  at  ambient  temperature,  and  mass 
weighted  every  day  up  to  6  d  of  immersion. 

2.4  Statistical  Analysis 

Group  values  for  all  parameters  in  the  tests  were 
compared  by  Kruskal-Wallis  tests  (SPSS  8.0  for 
Windows,  USA).  In  particular  the  treated  vs.  control 
contrast  was  analyzed. 

3.  Results  and  Discussion 

The  fresh  wood  moisture  contents  were  determined 
as  64%  for  URW  and  75%  for  TRW  (Fig.  1), 
respectively. 

During  oven  drying  at  103  ±  2  °C  for  24  h,  TRW 
shrunk  more  than  URW,  especially  in  the  radial 
direction  (Fig.  2).  It  suggests  that  ethylene  treatment 
may  impact  severely  wood  shrinkage  or  moisture 
induced  swelling,  and  limit  applications  where 
dimensional  stability  is  critical. 

H.  brasiliensis  wood  blocks  of  150  mm 
(longitudinal)  x  10  mm  (tangential)  x  5  mm  (radial) 
were  used  to  determine  the  axial  permeability  and 
potential  treatment  effects  on  it  (see  "Materials  and 
Methods"  for  details).  The  statistically  significant 
treatment  effects  on  permeability  to  water  are 
illustrated  in  Fig.  3.  TRW  had  almost  five  fold 
permeability  relative  to  URW. 

There  are  reports  on  permeability  (Table  1)  of 
different  softwoods  and  hardwoods  from  the  outer 
heartwood  part  [9,  10].  Our  wood  samples  were 


selected  from  a  part  between  sapwood  and  heartwood. 
The  values  shown  in  Table  1  corroborate  our 
permeability  values  as  reasonable  for  wood  samples. 

3.1  Effects  of  Water  Immersion  onH.  brasiliensis  Wood 

H.  brasiliensis  wood  was  tested  at  room 
temperature  (30  °C).  The  total  mass  of  each  sample 
was  weighed  every  15  min  to  monitor  the  rate  of  water 
absorption.  Absorption  continued  over  the  observed 
about  4  h  (Fig.  4).  After  immersion  for  1  h,  the 
moisture  content  (MC)  of  URW  was  21%  and  24%  for 
TRW.  Throughout  the  rest  of  the  observation  span 
TRW  had  about  5%  higher  MC  than  URW  (Fig.  4). 
The  MC  of  wood  is  composed  of  both  bound  water 
and  free  capillary  or  pore  water  [11],  but  these  cannot 
be  distinguished  from  the  time  profiles  of  absorption. 
The  rapid  initial  water  uptake  takes  place  because  the 
sample  surfaces  were  initially  dry.  Further  water 
absorption  into  the  inner  sample  must  diffuse  through 
that  expanding  wetted  surface  layer,  and  this 
increasing  diffusion  distance  slows  down  the 
absorption  rate. 

A  similar  immersion  test  with  distilled  water  at 
room  temperature  (30  °C)  was  extended  to  total  duration 

100  - 

90  - 
80  - 


URW  TRW 


Fig.  1  Moisture  contents  of  H.  brasiliensis  wood  blocks  of 
30  mm  (longitudinal)  x  30  mm  (tangential)  x  30  mm  (radial) 
were  determined  by  oven  drying  at  103  ±  2  °C  for  24  h  or 
until  stable  mass. 

Ethylene  treated  rubberwood  is  labeled  TRW  and  untreated 
rubberwood  URW.  The  averages  of  six  replicates  were 
significantly  (P  <  0.05)  different  between  the  treatments  based 
on  Kruskal-Wallis  analysis. 
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(c) 


Fig.  2  Images  illustrating  the  shrinkage  of  H.  brasiliensis 
wood  blocks  initially  30  mm  (longitudinal)  x  30  mm 
(tangential)  x  30  mm  (radial)  cubes,  induced  by  drying  at 
103  ±  2  °C  for  24  h  or  until  stable  mass. 

Ethylene  treated  rubberwood  is  labeled  TRW  and  untreated 
rubberwood  URW.  (a)  longitudinal  wood  shrinkage;  (b)  radial 
wood  shrinkage;  (c)  tangential  wood  shrinkage. 

of  6  d  with  daily  observations  as  shown  in  Fig.  5. 
TRW  samples  consistently  had  higher  MC  than  URW 
samples  at  equal  immersion  time  as  before.  The  MC 
increased  consistently  throughout  the  experiments, 
and  the  highest  MC  was  about  90%.  Factors  or 
mechanisms  that  contribute  to  the  slow  long-term 
absorption  may  include  the  dissolution  of  gases  into 
water  from  the  pore  space,  enabling  higher  water 
saturation  in  blind  pores  and  slow  swelling  of  the 
samples  that  increases  their  pore  volume. 

From  prior  research  [12]  we  know  that  radial  trunk 
growth  is  related  to  access  to  water  and  carbon.  Carbon 
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Fig.  3  Permeabilities,  K  (Darcy)  of  H.  brasiliensis  oven 
dried  wood  blocks  when  water  was  forced  axially  through 
them  over  a  30  min  period. 

Ethylene  treated  rubberwood  is  labeled  TRW  and  untreated 
rubberwood  URW,  with  six  replicates  in  each  treatment  group 
the  permeabilities  differed  significantly  (P  <  0.05)  between 
treatments  according  to  Kruskal-Wallis  analysis. 

Table  1    Water  permeability  of  outer  heartwood  [9, 10]. 

Permeability  by  species  Permeability,  Darcy 

Mean               Standard  error 
Douglas  fir                       0.006  0.001 
Lodgepole  pine                 0.001  0.0007 
Engelmann  spruce              0.007  0.0006 
Eucalyptus  grandis  0.0042  0.0025  


Diffmiou  Time  (Mill) 

Fig.  4  Water  absorption  time  profiles  of  immersed  H. 
brasiliensis  wood  blocks  of  30  mm  (longitudinal)  x  15  mm 
(tangential)  x  10  mm  (radial),  initially  oven  dry. 

Ethylene  treated  rubberwood  is  labeled  TRW  and  untreated 
rubberwood  URW  with  six  replicates  in  each  treatment  group. 
The  absorption  profiles  were  significantly  different. 

is  the  basic  chemical  element  for  structural 
compounds  and  for  storage  of  metabolic  energy,  and 
so  are  the  atoms  of  water  molecules.  Stem  radial 
variations  reflect  four  main  factors:  (1)  irreversible 
radial  growth;  reversible  shrinkage  and  swelling 
affected  by  (2)  hydration,  (3)  thermal  expansion  and 
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Table  2  Elemental  analysis  by  %  mass  of  H.  brasiliensis 
wood  samples  from  two  treatment  groups. 


Fig.  5  MC  profiles  of  treated  and  untreated  wood  samples 
which  were  initially  oven  dried  during  immersion  in  water 
over  6  d. 

(4)  contraction  and  expansion  of  conducting  elements, 
also  responding  to  internal  mechanical  stresses  [8,  12]. 
No  significant  treatment  effect  on  radial  trunk  growth 
has  been  detected  [7,  8].  Also  high  frequency  tapping 
may  affect  the  MC  and  growth  rate  of  a  rubber  tree.  It 
has  been  reported  that  URW  had  girth  increment 
superior  to  TRW  [13].  The  TRW  cases  may  have 
suffered  from  overexploitation  and  overstimulation. 
The  increased  latex  yield  of  TRW  necessitates  higher 
consumption  of  water  and  carbon  sources  than  by 
URW,  relating  to  our  measurement  results  (Fig.  1, 
Table  2).  An  elemental  analysis  of  C,  H,  N  and  O  was 
carried  out  with  a  CHNS-0  analyzer,  CE  Instrument 
Flash  EA  1 12  Series,  Thermo  Quest,  Italy.  The 
analyzer  used  dynamic  flash  combustion  with  left 
furnace  temperature  of  900  °C,  oven  temperature 
65  °C,  carrier  flow  130  mL/min,  reference  flow  100 
mL/min  and  oxygen  flow  250  mL/min.  In  case  of 
oxygen  analysis,  the  parameters  were:  right  furnace 
1,060  °C,  carrier  flow  130  mL/min  and  reference  flow 
100  mL/min.  The  TRW  cases  had  higher  fraction  of 
carbon  than  the  URW  (Table  2). 

The  results  presented  in  Figs.  3-5  indicate  that 
ethylene  stimulation  enhances  permeability  and  water 
absorption  of  rubberwood  probably  through  an  effect 
on  porosity.  Porosity  is  defined  as  the  fractional 
volume  of  voids  that  could  be  filled  by  a  fluid  in  the 
solid  structure.  Ethylene  treatment  of  Populus  alba  L. 
hardwood  causes  the  cambium  to  produce  more 
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Ethylene  treated  rubberwood  is  labeled  TRW  and  untreated 
rubberwood  URW; 

indicates  the  element  content  is  significantly  different  between 
treatments. 

parenchyma,  shorter  fibers  and  shorter  vessel  elements 
than  in  control  [14].  Application  of  ethylene  to  stem  of 
P.  alba  causes  abnormal  growth  and  stem  anatomy  with 
an  increase  in  wood  and  bark.  The  treatment  has 
pleiotropic  effects  on  dimensions  of  xylem  cells  and 
tissue  pattern.  Moreover,  the  tangential  width  of  radial 
wood  parenchyma  cells  increases;  the  wood  cells  are  big 
and  plasma  rich  with  simple  pits  of  different  sizes  and 
shapes.  Ethylene  treated  wood  may  have  normal  xylem 
aside  from  the  increased  size  of  xylem  rays  that  have 
more  and  larger  cells  than  rays  of  the  control  [14,  15]. 

The  fresh  wood  densities  were  determined  as  0.94 
g/cm3  for  URW  and  0.91  g/cm3  for  TRW.  The  wood  pit 
density  and  vessel  diameter  increments  are  likely 
causes  of  increased  permeability  in  ethylene  stimulated 
rubberwood  (Fig.  6).  The  influence  of  ethylene 
stimulation  on  rubberwood  structure  was  imaged  with 
scanning  electron  microscope  (SEM).  Figs.  6a  and  6b 
show  that  the  treatment  increased  vessel  diameters 
(single  pore  (SP))  to  an  average  of  230-270  urn  from 
200-240  urn.  In  the  double  pores  (DP),  TRW  had  vessel 
diameters  of  300-440  urn  while  the  control  had 
240-380  urn  (Figs.  6a  and  6b).  The  simple  pits  in  Fig. 
6c  had  higher  density  in  TRW  than  in  URW  (Fig.  6d) 
increasing  permeability  (Figs.  3-5).  Thus,  increment  of 
vessel  diameter  and  wood  pit  density  of  TRW  are 
observed  factors  evidently  contributing  to  water 
permeability  and  absorption  increases. 

4.  Conclusions 

Ethylene  stimulation  of  rubberwood  improved  the 
axial  water  permeability  of  lumber  relative  to  rubberwood 
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Fig.  6  SEM  images  of  the  structure  of  H.  brasiliensis 
illustrate  treatment  effects  contributing  to  increased 
permeability. 


(a)  cross  section  of  TRW,  (b)  cross  section  of  URW,  the  pit 
density  is  evident  in  (c)  cross  section  of  TRW  and  (d)  cross 
section  of  URW;  a-b  scale  bar  =  1  mm,  b-c  scale  bar  =100  um; 
arrows  point  to  the  pits  in  vessel  cell  walls. 

without  ethylene  treatment.  The  increase  in  axial 
permeability  to  water  by  ethylene  treatment  of  H. 
brasiliensis  was  about  five  fold.  Scanning  electron 
microscope  imaging  suggested  that  ethylene  treatment 
increased  the  areal  number  density  of  pits  and  the 
average  vessel  diameter.  These  physiological  effects 
likely  contributed  to  increases  in  water  absorption  rate 
and  permeability  to  water  of  wood. 
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Abstract:  The  selectivity  of  gillnets  for  Oreochromis  niloticus  in  Amerti  reservoir  (9°63'  N,  37°23'  E)  was  determined  from  gillnets 
with  four  mesh  sizes  (60,  80,  100  and  120  mm).  Four  selectivity  models  (a  normal  model  assuming  fixed  spread,  a  normal  model 
assuming  that  spread  is  proportional  to  mesh  size,  a  lognormal  model  and  a  gamma  model)  were  fitted  to  the  data  by  using  the  share 
each  length's  catch  total  (SELECT)  method.  A  total  of  657  specimens  of  Oreochromis  niloticus  were  caught  (12.0-35.5  cm  total 
length,  TL).  The  sizes  at  first  sexual  maturity  were  21.5  cm  TL  and  18.9  cm  TL,  respectively,  for  male  and  female  Oreochromis 
niloticus.  The  lognormal  selectivity  curve  provided  the  best  fit  to  the  data  according  to  model  deviance  estimates  with  optimum 
selectivity  of  16.66,  22.26,  27.78  and  33.38  cm  TL  for  the  60,  80,  100  and  120  mm  mesh  sizes,  respectively. 

Key  words:  Gillnet,  mesh  selectivity,  Nile  tilapia,  SELECT. 


1.  Introduction 

Oreochromis  niloticus  (Nile  tilapia)  is  native  fish 
species  of  East  African  lakes  [1].  The  species  has  been 
introduced  to  many  parts  of  the  world  and  has  adapted 
to  wide  range  of  environmental  variables  [2]. 
Adaptation  of  Nile  tilapia  to  various  environments  is 
due  to  its  ability  to  both  protracted  spawning  period 
and  variability  in  length  at  first  maturity  in  response  to 
environmental  and  fisheries  related  stress  [3-5]. 

Nile  tilapia  is  one  of  the  most  important 
commercial  fish  species  in  Ethiopia  [6].  Regardless  of 
the  adaptability  and  tolerance  to  various 
environmental  and  anthropogenic  impacts,  high 
demand  for  Nile  tilapia  in  Ethiopia  has  led  to  the 
decline  of  fish  stocks  in  some  Ethiopian  lakes  and 
reservoirs  [7].  The  decline  of  Oreochromis  niloticus  is 
aggravated  due  to  lack  of  regulations  on  fishing  effort, 
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minimum  landing  size  and  minimum  mesh  size  of 
gillnets. 

Managing  fisheries  requires  a  combination  of  limits 
on  area,  time,  gear,  size,  species  and  effort  [6].  Fishing 
gears  greatly  influence  the  size  frequency  of  targeted 
species  [8,  9],  and  understanding  the  reproductive 
biology  and  selectivity  of  the  fishing  gears  in  a 
particular  enviromnent  is  important  for  managing  a 
targeted  species. 

Due  to  the  size-selective  nature  of  gillnets  which 
are  widely  used  by  fisheries  that  target  Oreochromis 
niloticus,  mesh  size  regulations  can  be  an  effective 
tool  for  managing  the  size  composition  of  catches  [10]. 
The  share  each  length's  catch  total  (SELECT)  model 
is  considered  to  be  the  most  robust  indirect  method  to 
estimate  gear  selectivity  [10,  11].  The  method  is 
widely  used  to  obtain  selectivity  of  various  fishing 
gears  [12]. 

Recently  (February,  2013),  regional  proclamation 
has  been  ratified  on  fish  resource  conservation,  food 
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safety  and  aquaculture.  This  document  puts 
considerable  emphasis  on  regulation,  permits  and  the 
role  of  the  fishery  inspector.  Thus,  this  study  aimed  at 
identifying  size  at  first  maturity  and  selectivity  of 
gillnets  for  Nile  tilapia. 

2.  Materials  and  Methods 

2.1  Sampling 

The  study  was  conducted  in  Amerti  reservoir  (9°63' 
N,  37°23'  E),  which  is  located  at  an  altitude  of  2,243 
m  absl.  Gillnet  surveys  were  carried  out  monthly 
between  August  2011  and  June  2012  using 
multifilament  gillnet  fleets  comprising  60,  80,  100 
and  120  mm  stretched  mesh  size  made  from  210  D/3 
twine.  The  panel  length  of  each  mesh  size  was  25 
m  with  3  m  depth.  Immediately  after  capture,  the 
total  length  (TL)  and  total  weight  (Tw)  were 
measured  and  weighted  to  the  nearest  1  mm  and 
0.1  g,  respectively.  Fish  were  then  dissected, 
sexed  and  the  gonads  were  assigned  a  stage  of 
maturity  according  to  Ref.  [13]. 

2.2  Data  Analysis 

Sex  ratio  was  computed  and  chi-square  (%2)  test 
was  used  to  determine  if  it  varied  from  the  null 
hypothesis  1:1  [14].  The  length-weight 
relationship  was  determined  by  using  nonlinear 
least-squares  regression  (SPSS,  201 1). 

Gill  net  selectivity  was  estimated  by  using  SELECT 
method  [15].  The  SELECT  method  applies  maximum 
likelihood  which  estimates  selectivity  parameters  from 
a  general  log-linear  model  [16].  The  expected  catch  (V) 
of  Oreochromis  niloticus  of  length  class  i  in  gillnet  j  is 
described  by: 

Vy  =  P/.fj  (1) 

where,  Pj  is  the  relative  fishing  intensity  of  gillnet  j;  Xt 
is  the  abundance  of  Oreochromis  niloticus  in  length 
class  i;  rj  is  the  selection  curve  for  each  gillnet  j. 

Relative  fishing  intensity  represents  fishing  effort 
and  fishing  intensity  combined  and  is  the  conditional 
probability  that  a  fish  contacted  gillnet  panel  j  with  the 


assumption  that  it  made  single  contact  with  the  entire 
combined  gillnet  panel  [12].  The  normal,  gamma  and 
lognormal  models  (Table  1)  observe  geometric 
similarity  (mean  (jij)  and  spread  (aj)  proportional  to 
mesh  size)  whereas  the  normal  model  with  fixed 
spread  is  not  geometrically  similar  (mean  (jij)  and 
spread  (aj)  equal  across  mesh  sizes). 

Catch  data  from  Amerti  reservoir  were  pooled  by 
mesh  size  into  1  cm  length  classes,  and  the  midpoint 
of  each  size  class  was  used  to  estimate  a  selectivity 
curve  for  each  mesh  size.  The  four  gillnet  selectivity 
models  (normal  location,  normal  scale,  gamma  and 
log-normal)  were  fitted  to  the  data  by  using  the 
"gillnet  functions"  package  in  R  statistical  software 
[16,  17].  For  each  model,  the  data  were  fitted  under 
the  assumptions  of  equal  effort  and  proportional  effort 
to  the  size  of  the  mesh.  Goodness  of  fit  statistics  in  the 
form  of  model  deviance  was  used  to  choose  the  best 
model. 

The  mean  length  of  fish  at  first  maturity  (L50)  was 
determined  using  the  method  described  in  Ref.  [18]. 
The  method  fits  the  percentages  of  mature  fish  that 
were  grouped  in  1  cm  length  classes  to  the  logistic 
equation: 

PL  =  (exp  (a  +  /?£))/(  1  +  exp  (a  +  PL))  (2) 
where,  PL  is  proportion  of  mature  fish  at  length  L,  L 
is  total  length  (cm)  and  a  (the  intercept)  and  /?  (the 
slope)  of  least-squares  estimates. 

3.  Results 

A  total  of  657  Oreochromis  niloticus  specimens, 
comprising  398  males  and  259  females  were  captured 
during  the  sampling  period.  The  sex  ratio  was  biased  to 
males  (j?  =  22.47,  P  <  0.0001).  The  TL  of  the 
specimens  ranged  from  12.0  cm  to  35.5  cm  (Fig.  1) 
with  a  corresponding  weight  of  56.9-1,535.8  g.  The 
length-weight  relationships  were  curvilinear  and 
statistically  significant  with  W=  0.016Lr3  034,  R2  =  0.98. 

Average  length  (±  SD)  of  Oreochromis  niloticus 
captured  by  the  gill  nets  with  60,  80,  100  and  120  mm 
mesh  size  were  16.3  ±  1.5,  22.5  ±  2.8,  24.8  ±  1.8  and 
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Table  1  Selectivitycurves  for  normal,  gamma  and  lognormal  models  used  to  estimate  gillnet  selectivity  for  Oreochromis 
niloticus. 


Model 
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30.3  ±  4.4  cm,  respectively  (Fig.  2).  The  size  at  first 
sexual  maturity  (L50)  for  male  Oreochromis  niloticus 
was  21.5  cm  TL  while  the  females  attained  L50  at  18.9 
cm  TL  (Fig.  3).  The  smallest  female  found  with  ripe 
gonads  was  14.9  cm  TL.  Majority  of  the  individuals 
(99.5%)  captured  by  60  mm  mesh  size  were  below  L50 
(Fig.  2).  There  was  a  general  increase  in  the  mean  size 
of  Oreochromis  niloticus  with  increasing  mesh  size. 

There  is  no  significant  difference  among  the  modes 
(i.e.,  lengths  at  maximum  selectivity)  estimated  for 
each  mesh  size  across  all  models  (Fig.  4).  However, 
the  lognormal  models  with  effort  either  equal  or 
proportional  to  mesh  size  had  identical  and  the  lowest 
model  deviance  (Table  2)  among  the  four  models 
fitted  using  the  SELECT  method.  The  parameters  and 
model  variance  of  the  selectivity  curves  of  the  normal 
scale,  normal  location,  log  normal  and  gamma  models 
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Fig.  2  Proportion  of  Oreochromis  niloticus  captured  by 
(60-120  mm)  mesh  sizes  gillnet.  Dotted  line  indicates  size  at 
first  maturity. 

are  shown  in  Table  2.  The  modes  of  the  lognormal 
selection  curves  was  found  at  16.66,  22.26,  27.78  and 
33.38  cm  TL  for  the  60,  80,  100  and  120  mm  mesh 
sizes,  respectively  (Fig.  4). 
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4.  Discussion 


For  Amerti  reservoir,  the  catch  was  biased  towards 
males  in  the  current  study  (1.54:1).  Slight  variation  in 
sex  ratio  of  wild  population  is  a  typical  phenomenon 
among  Tilapias  [4,  1 9]  which  might  be  attributable  to 
differential  migration  of  sexes  [20]. 

The  size  at  first  maturity  for  Oreochromis  niloticus 
is  variable  and  broad  in  range  in  several  East  African 
lakes  and  reservoirs,  ranging  from  13  cm,  Lake 
Tanganyika  [21]  to  42  cm,  Lake  Chamo  [22].  Size  at 
maturity  in  Oreochromis  niloticus  is  inversely  related 


0       5      10     15     20    25     30     35  40 

Length  tli^tr  iluitiod  [cm) 

Fig.  3  Length  at  first  maturity  of  female  Oreochromis 
niloticus  in  Amerti  reservoir. 
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Fig.  4  Gillnet  selectivity  curves  and  residuals  estimated  for  Oreochromis  niloticus  in  Amerti  reservoir  for  the  60-120  mm 
mesh  sizes. 

The  plots  on  the  left  are  the  estimated  gillnet  selectivity  curves  while  the  plots  on  the  right  show  the  residuals  of  the  models.  Filled 
circles  represent  positive  residuals  and  open  circles  represent  negative  residuals.  The  area  of  the  circle  is  proportional  to  the  square  of 
the  residual. 
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Table  2  Results  of  the  models  fit  using  the  SELECT  method  for  gillnet  selectivity  estimation,  Oreochromis  niloticus  in 
Amerti  reservoir. 

Equal  fishing  power  Fishing  power  a  mesh  size 

Model 


Parameters  Deviance  Parameters  Deviance 


Normal  (fixed  spread)  (k,  a)  (0.274,2.812)  105.08  (0.28,2.29)  109.47 

Normal  (ku  k2)  (0.28,0.0002)  98.45  (0.29,0.0008)  98.60 

Gamma  (a,  k)  (93.53,0.003)  86.88  (95.4,0.003)  86.88 

Lognormal  (mu  a)  (2.82,0.104)  82.45  (2.84,0.104)  82.45 


to  growth,  and  thereby  is  influenced  by  ecological 
habitat  [23]  and  fishing  pressure  [3-5].  The  latter 
could  be  ruled  out  for  Amerti  reservoir  as  there  is  no 
well-established  fishing  in  the  reservoir. 

The  model  deviances  obtained  under  the  two 
assumptions  about  fishing  power  were  essentially 
equal,  and  residual  plots  (not  shown)  were  nearly 
identical.  The  ratio  of  model  deviance  to  degrees  of 
freedom  was  slightly  higher  than  1  (1.2),  indicating 
slight  over  dispersion  of  the  data.  This  result  indicates 
that  Nile  tilapia  may  not  have  behaved  independently 
violating  the  first  assumption  of  independent  catches. 
However,  over  dispersion  does  not  necessarily  affect 
parameter  estimation  [11,  12]. 

Deviance  plot  showed  a  similar  degree  of  bias 
towards  all  models  except  the  gamma  model  which 
showed  the  highest  number  of  positive  residuals  for 
the  higher  length  classes  (22-34  cm  TL)  in  mesh  sizes 
80,  100  and  120  mm  (Fig.  4).  The  plot  indicated  that 
more  of  the  larger  individuals  were  caught  in  these 
mesh  groups  than  predicted  by  the  models.  The  80 
mm  mesh  sizes  caught  fewer  of  the  smallest 
Oreochromis  niloticus  than  predicted  by  the 
lognormal  model.  The  smallest  mesh  size  (60  mm) 
panel  caught  more  smaller  (<  20  cm  TL)  Oreochromis 
niloticus  than  predicted  (Fig.  4). 

In  general,  the  gillnet  with  mesh  size  80  mm  most 
efficiently  selects  individuals  about  17-30  cm  in 
length,  and  the  selection  has  a  sharp  peak  in  about  22 
cm  length  class.  Length  at  first  maturity  has  a  great 
importance  in  the  determination  of  optimum  mesh  size 
[24].  The  estimated  lengths  for  females  and  males  of 
Oreochromis  niloticus  in  this  study  were  18.9  cm  Ti 
and  21.5  cm  TL,  respectively.  Fishing  gear  restriction 


is  a  preferable  way  of  management  than  closure  in 
small  scale  artisanal  fisheries  [9]  as  it  does  not 
threaten  the  livelihoods  of  fishers  which  depend  only 
in  fisheries.  Thus,  the  legal  minimum  size  for 
Oreochromis  niloticus  should  be  21  cm  which  can  be 
achieved  if  the  minimum  mesh  size  is  established  at 
80  mm. 
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Abstract:  The  caterpillar  Spodoptera  frugiperda  is  an  important  pest  of  several  crops,  due  to  the  damage  it  causes  and  the  difficulty 
of  its  control.  The  method  of  controlling  these  pests  is  through  chemical  insecticides,  which  cause  adverse  effects  to  the  biotic  and 
abiotic  environment.  The  selection  of  new  insecticides  that  meet  the  requirements  of  efficacy,  safety,  selectivity  and  those  are 
economically  viable,  is  highlighting  the  study  of  mechanisms  of  plant  defense.  The  present  study  aimed  to  verify  the  insecticide 
effect  of  27  plants  in  three  different  types  of  plants  extracts:  aqueous,  decoction  and  polypeptide  on  S.  frugiperda.  Three  plants  were 
chosen  for  performing  sublethal  effects  bioassays:  two  plants  with  the  highest  corrected  mortality  (E.  pulcherrima  and  R.  simsii)  and 
the  other  plant  (Maytenus  ilicifolia  (espinheira  santa))  with  corrected  mortality  similar  to  control.  In  preliminaries  bioassays,  25 
plants  showed  corrected  mortality  less  than  50%,  according  to  Abbott's  formula.  R.  simsii  (azalea)  and  E.  pulcherrima  (billed  parrot) 
showed  51%  and  68%  of  corrected  mortality,  respectively.  Only  R.  simsii  aqueous  and  the  three  extracts  of  E.  pulcherrima  differ 
significantly  from  control  (P  <  0.05).  The  aqueous  extracts  and  decoction  of  R.  simsii  and  polypeptide  extract  of  E.  pulcherrima 
reduced  the  larval  period  of  S.  frugiperda,  different  from  control  (P  <  0.05).  The  polypeptide  extract  of  R.  simsii  reduced  the  pupal 
period  of  the  target  insect.  The  extracts  obtained  by  decoction,  aqueous  and  polypeptide  of  E.  pulcherrima  extracts  and  decoction  of 
polypeptides  and  R.  simsii  affected  the  fertility  and  fecundity  of  S.  frugiperda.  For  the  other  parameters,  there  is  no  significant 
difference  when  compared  with  the  control.  The  results  of  this  study  suggest  that  the  extracts  obtained  by  decoction,  aqueous  and 
polypeptide  of  E.  pulcherrima  and  R.  simsii  can  be  used  to  control  S.  frugiperda.  However,  the  successful  search,  product  starting 
from  extracts  of  plants  depends  on  the  availability  of  plant  and  the  entire  assembly  around  the  detection  of  bioactive  products,  in 
addition  to  the  active  ingredients  of  the  chemical  synthesis  and  elucidation  of  the  target  site  insecticide  molecule. 

Key  words:  Armyworm,  Spodoptera  frugiperda,  plant  extracts,  bioassays,  biopesticide. 

1.  Introduction  one  of  the  most  destructive  pests  of  agriculture 


The  caterpillar  Spodoptera  frugiperda  (Lepidoptera: 
Noctuidae)  is  an  important  pest  for  several  crops  such 
as  corn  (Zea  mays),  rice  (Oryza  sativa),  soybeans 
{Glycine  max),  peanuts  (Arachis  hypogaea)  and 
sorghum  (Sorghum  bicolor),  and  it  is  considered  as 
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worldwide  among  others  [1,  2].  Currently,  the  most 
commonly  used  method  to  control  these  pests  are 
synthetic  insecticides  which  yields  effective  results  in 
a  short  time,  but  the  development  of  resistance  to 
these  insecticides  by  insects  is  also  very  fast,  leading 
farmers  to  increase  dosages  or  change  the  active 
principle  most  frequently  [3-5].  Brazil  is  the  largest 
consumer  of  pesticides  in  the  world,  with  one  third  of 
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the  food  consumed  by  Brazilians  which  is 
contaminated  by  these  substances,  e.g.,  acephate  and 
glicosato.  Over  the  past  decade,  while  the  global 
consumption  of  pesticides  has  increased  by  93%,  the 
Brazilian  has  increased  1 90%  in  the  use  of  pesticides, 
surpassing  the  consumption  in  the  United  States.  In 
2010,  Brazil  spent  approximately  US  $7.3  billion  in 
the  purchase  of  pesticides,  including  insecticides, 
herbicides,  fertilizers,  fungicides  and  bactericides, 
among  others  [6]. 

The  use  of  pesticides  causes  many  adverse  effects 
to  biotic  and  abiotic  environment,  such  as 
accumulation  of  residues  in  soil,  water,  air  and 
consequently,  animals  and  plants,  including  humans 
[4,  7,  8].  In  this  context,  the  selection  of  new 
insecticide  molecules,  obtained  from  vegetable  raw 
materials,  offers  a  wide  range  of  new  sites  of  action  on 
target  organisms  which  meet  the  requirements  of 
efficacy,  selectivity  and  safety,  and  sources  of 
substances  that  can  be  used  to  develop  safe  methods 
to  control  insects. 

The  use  of  plant  extracts  for  the  control  of  pests  in 
agriculture  is  very  old,  and  because  of  the  search  for 
environmentally  friendly  practices,  the  use  of  plants 
with  insecticidal  properties  is  increasing  [5,  8-11]. 

The  use  of  substances  extracted  from  plants  as 
insecticides  has  numerous  advantages  compared  to  the 
use  of  synthetic,  because  they  are  quickly  renewable, 
biodegradable,  and  do  not  persist  in  the  environment. 
The  products  obtained  starting  from  plants,  by 
presenting  a  diversity  of  active  ingredients,  may 
present  less  risk  of  resistance  to  the  target  pests. 
Bermudez-Torres  et  al.  [12]  reported  83%  mortality  of 
S.  frugiperda  when  exposed  to  alkaloid  extract 
Lupinus  stipulates  J.  Agardh  at  a  dose  of  25  (ig/mL. 
Alves  et  al.  [13]  achieved  a  60%  mortality  of  S. 
frugiperda  after  7  d  of  exposure  to  copaiba  leaf  extract 
(Copaifera  langsdorffii  Desf.  (Fabales:  Fabaceae)). 
Rossi  et  al.  [14]  exposed  larvae  of  S.  frugiperda  to  the 
Ricinus  communis  L.  (Malpighiales:  Euphorbiaceae) 
10%  extract  and  obtained  89.9%  mortality.  Munoz  et 


al.  [15]  observed  58.3%  mortality  by  exposing  larvae 
of  S.  frugiperda  to  Calceolaria  talcana  J.  Grau  &  C. 
Ehrh  (Lamiales:  Calceolariaceae)  extracts. 

Thus,  the  present  study  aimed  to  identify  the  lethal 
and  sublethal  effects  of  leaf  extracts  of  three  plants 
previously  selected  through  screening  of  27  native  and 
exotic  plants  against  S.  frugiperda  polyphagous 
species.  The  constant  search  for  new  methods  of 
control,  such  as  the  use  of  new  active  principles 
derived  from  plants,  which  can  be  used  seamlessly 
with  the  other  methods,  accounts  of  important 
assumptions  Integrated  Pest  Management  (IPM), 
reducing  the  impact  of  the  use  of  chemicals. 

2.  Materials  and  Methods 

2.1  Rearing  and  Conservation  ofS.  frugiperda 

The  S.  frugiperda  used  in  the  experiments  were 
obtained  from  a  pre-established  population  of  species 
in  insect  rearing  room  of  the  Laboratory  of 
Microbiology  and  Toxicology,  University  of  Vale  do 
Rio  dos  Sinos— UNISINOS,  Sao  Leopoldo,  RS, 
Brazil. 

The  larva  was  fed  with  artificial  diet  described  by 
Poitout  and  Bues  [16]  at  larval  stage,  and  in  adulthood, 
with  a  solution  of  10%  sucrose.  The  life  cycle  was 
developed  under  controlled  conditions  of  25  ±  2  °C, 
12  h  photoperiod  and  70%  relative  humidity. 

The  sampling  of  S.  frugiperda  in  the  field  was 
carried  out  in  the  irrigated  rice  crops  with  the 
collaboration  of  researchers  from  the  Instituto  Rio 
Grandense  do  Arroz  (IRGA)  in  the  Estacao 
Experimental  do  Arroz  (EEA),  in  Cachoeirinha,  RS, 
Brazil. 

2.2  Plants  Extracts 

The  leaves  of  native  and  exotic  plants  (Table  1) 
were  collected  on  the  campus  of  the  University  of 
Vale  do  Rio  dos  Sinos/UNISINOS  (29°47'47,90"S 
and  51°09'24,93"WGr  )  in  Sao  Leopoldo,  RS,  Brazil. 
The  chemical  composition  of  plants  can  be  altered  by 
various  factors,  thus  the  collection  of  samples  was 
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Table  1  Native  and  exotic  plants  collected  on  the  campus  of  UNISINOS,  Sao  Leopoldo,  RS,  Brazil,  for  assessing  the 
potential  insecticide. 


Scientific  names 

Families 

Active  ingredients 

Aloeferox 

Aloeaceae 

Antracenic  compounds1 

Aloe  vera 

Aloeaceae 

Antracenic  compounds1 

Anchieta  salutaris  A.  St.-Hil. 

Violaceae 

Alkaloids5 

Artemisia  camphorate  Vill. 

Asteraceae 

Terpens1 

Casearia  sylvestris  Sw. 

Flacourtiaceae 

Flavons,  saponins,  tannins' 

Cinnamomum  zeylanicum  Blume 

Lauraceae 

Phenolic  compounds3 

Cordia  monosperma  (Jacq.)  Roem.  &  Schult. 

Boraginaceae 

Flavonoids1 

Equisetum  arvense  L. 

Equisetaceae 

Cumarins,  alkaloids6 

Eugenia  uniflora  L. 

Myrtaceae 

Tannins' 

Euphorbia  milii  des  Moulins 

Euphorbiaceae 

Diterpens' 

Euphorbia  pulcherrima  Willd. 

Euphorbiaceae 

Diterpene  esters' 

Ficus  pumila  L. 

Moraceae 

Furanocumarins 1 

Ginkgo  biloba  L. 

Ginkgoaceae 

Flavonoids' 

Jodina  rhombifolia  (Hook  &  Ain) 

Santalaceae 

Tannicacid,  flavonoids3 

Maytenus  ilicifolia  (Schrad.)  Planch 

Celastraceae 

Poliphenols2 

Mikania  laevigata  Sch.  Bip.  ex  Backer 

Asteraceae 

Poliphenols,  tannins  e  cumarins' 

Nerium  oleander  L. 

Apocynaceae 

Cardenolids' 

Pachystroma  longifolium  (Nees)  I.M.  Johnst 

Asteraceae 

Flavons,  labdanditerpene,  phenols  e  clerodans4 

Pereskia  grandifolia  Haw. 

Cactaceae 

Alkaloids7 

Phyllanthus  niruri  L. 

Phyllanthaceae 

Flavonoids8 

Piper  umbellata 

Piperaceae 

Terpens',  phenols6 

Plectranthus  neochilus  Schltr. 

Lamiaceae 

Quinones' 

Rhododendron  simsii  Planch. 

Ericaceae 

Diterpens',  graianotoxins2 

Schinus  molle  L. 

Anacardiaceae 

Uruchols' 

Schinus  terebinthifolius  Raddi 

Anacardiaceae 

Uruchols' 

Solanum  sisymbriifolium  Lam. 

Solanaceae 

Alkaloids' 

Syzygium  cumini  (L.) 

Myrtaceae 

Phenylpropanoid2 

[19];  4Ferranteet  al. 


Maia- Almeida  et  al.  [24]. 


standardized,  i.e.,  all  samples  were  collected  between 
8  o'clock  and  9  o'clock  in  the  morning  with  no  rain, 
flowering  and  fruiting. 

2.3  Screening  of  Plants  and  Solvents  for  Secondary 
Metabolites  Extraction 

For  this  study,  27  native  and  exotic  plants  collected 
on  the  campus  of  UNISINOS,  possessing 
ethnobotanical  record,  scientific  reference  or  known  in 
the  popular  culture  of  the  State  of  Rio  Grande  do  Sul, 
Brazil,  were  selected. 

Plant  extracts  were  pre-selected  through  preliminary 
bioassays.  Second  instar  larvae  of  S.  frugiperda  were 
maintained  in  individual  mini  acrylic  plates  (35  mm 


diameter)  containing  a  thin  layer  of  agar  gel  and  a  hard 
sheet  (Neonotonia  wightii),  with  18  mm  diameter, 
containing  50  |iL  of  extracts.  Two  controls  were 
performed:  one  with  the  solvent  used  in  the  extraction 
and  the  other  with  sterile  distilled  water.  Each 
treatment  consisted  of  30  tracks  with  three  replications. 

The  treatments  were  kept  in  a  climatic  chamber  at 
25  °C,  70%  relative  humidity  and  photoperiod  of  12  h. 
The  mortality  was  checked  on  day  seven  after 
treatment  application,  and  then  was  corrected  using 
Abbott's  formula  [25]. 

2.4  Obtaining  Aqueous  and  Proteic  Plant  Extracts 
The  plant  extracts  were  obtained  by  maceration  of 
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leaves  with  liquid  nitrogen  to  obtain  a  fine  powder. 
The  re-suspension  of  this  powder  was  performed  with 
five  different  solvents  for  the  extraction  of  secondary 
metabolites,  in  a  ratio  of  lw:5v  (5  mL  of  solvent  for 
each  plant  powder  gram)  and  kept  24  h  at  4  °C,  and 
subsequently  filtered  through  sterile  filter  paper.  After 
filtration,  the  extract  was  divided  into  tubes  with  the 
amount  used  in  each  test  and  kept  at  -18  °C. 

Five  extracts  were  prepared:  cold  aqueous  extract 
(aqueous),  hot  aqueous  extract  (decoction),  alcoholic 
extract  (70%  alcohol),  methanol  extract  and  an  extract 
with  buffer  solution  for  extraction  of  polypeptides  (50 
mM  Tris-HCl,  pH  8.0;  1  mM  EDTA,  pH  8.0;  5% 
glycerol  v:v;  1  mM  DTT;  0.1%  Triton). 

2.5  Bioassays  for  Determination  of  Acute  Effect 

From  the  results  obtained  in  preliminary  tests,  three 
plants  were  selected  to  conduct  acute  bioassays:  two 
plants  with  the  highest  corrected  mortality  (E. 
pulcherrima  and  R.  simsii)  and  the  other  plant  (M. 
ilicifolia)  with  corrected  mortality  similar  to  the 
control.  Second  instar  larvae  of  S.  frugiperda  were 
maintained  in  individual  mini  acrylic  plates  (35  mm 
diameter)  containing  a  thin  layer  of  agar  gel  and  a 
hard  sheet  (Neonotonia  wightii)  with  1 8  mm  diameter 
containing  50  |iL  of  extracts.  Two  controls  were 
performed:  one  with  the  solvent  used  in  the  extraction 
and  the  other  with  sterile  distilled  water.  Each 
treatment  consisted  of  30  tracks  with  three 
replications. 

2.6  Bioassays  for  Estimate  the  Sublethal  Effect 

The  tests  for  the  sublethal  effects  of  botanical 
extracts  for  S.  frugiperda  were  performed  by 
transferring  all  the  surviving  worms  in  bioassays  for 
acute  effect  to  disposable  cups  with  artificial  diet 
without  the  addition  of  treatments,  which  were 
monitored  individually  until  the  Fl.  The  insects  were 
kept  in  a  room  at  25  °C,  70%  relative  humidity  and 
photoperiod  of  12  h.  Morphological  changes,  weight 
and  length  of  the  larval,  pupal  development,  sex  ratio 


and  fertility  were  evaluated.  Pupae  were  weighed  on 
an  analytical  balance  and  measured  with  analogical 
pachymeter  on  the  second  day  after  molting. 

2. 7  Statistical  Analysis 

Statistical  analysis  was  performed  with  the  aid  of  the 
Systat  12  computer  program.  The  mortality  values 
obtained  in  bioassays  were  corrected  by  Abbott's 
formula  [25]  and  then  subjected  to  analysis  of  variance 
(ANOVA)  followed  by  Tukey  test  (P  <  0.05).  The 
values  of  other  parameters  were  also  subjected  to 
ANOVA  followed  by  Tukey  test  (P  <  0.05). 

3.  Results 

The  results  of  preliminary  bioassays  and  the  27 
plants  used  are  described  in  Table  2,  where  25  plants 
caused  corrected  mortality  less  than  50%.  R.  simsii 
and  E.  pulcherrima  showed  51%  and  68%  of 
corrected  mortality,  respectively.  Three  plants  were 
chosen  to  carry  out  bioassays:  two  plants  with  the 
highest  corrected  mortality  (E.  pulcherrima  and  R. 
simsii)  and  the  other  plant  with  low  corrected 
mortality  (M.  ilicifolia). 

In  Table  3,  the  data  presented  correspond  to  the 
three  plants  chosen  for  the  analysis  of  larval  lethality 
and  sublethal  effects  throughout  the  life  cycle  of  S. 
frugiperda. 

The  results  obtained  in  mortality  bioassays  were 
6%  for  the  control,  45.94%  for  R.  simsii  aqueous, 
21.3%  for  R.  simsii  decoction,  15.2%  for  R.  simsii 
polypeptide,  65.2%  for  E.  pulcherrima  aqueous, 
64.47%  for  E.  pulcherrima  decoction,  76.11%  for  E. 
pulcherrima  polypeptide,  7.33%  for  M.  ilicifolia 
aqueous,  12.62%  for  M.  ilicifolia  decoction  and 
4.73%  for  M.  ilicifolia  polypeptide.  The  three  extracts 
of  E.  pulcherrima  differed  significantly  from  all  the 
other  extracts  with  the  exception  of  the  aqueous 
extract  of  R.  simsii  (P  <  0.05)  (Table  3).  The  aqueous 
extract  of  R.  simsii  differed  significantly  only  of 
aqueous  and  polypeptide  extract  of  M.  ilicifolia  (P  < 
0.05)  (Table  3). 
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Table  2  Screening  data  of  potential  insecticide  leaf  extracts  from  27  native  and  exotic  plants  against  second  instar  larvae  of 
S.  frugiperda. 

Plants  Corrected  mortality  (%) 

Scientific  name  Aqueous  Decoction  Polypeptide 


Aloe  ferox 

20.0 

28.9 

11.1 

Aloe  vera 

2.2 

22.2 

2.2 

Anchieta  salutaris 

15.6 

2.2 

4.4 

Artemisia  camphorate 

8.9 

22.2 

2.2 

Casearia  sylvestris 

13.3 

20.0 

28.9 

Cinnamomum  zeylanicum 

6.7 

4.4 

11.1 

Cordia  monosperma 

4.4 

13.3 

0.0 

Equisetum  arvense 

20.0 

13.3 

0.0 

Eugenia  uniflora 

11.1 

6.7 

20.0 

Euphorbia  milii 

2.2 

6.7 

13.3 

Euphorbia  pulcherrima 

22.2 

17.8 

68.9 

Ficus  pumila 

6.7 

13.3 

0.0 

Ginkgo  biloba 

8.9 

17.8 

6.7 

Jodina  rhombifolia 

4.4 

46.7 

11.1 

Maytenus  ilicifolia 

6.7 

17.8 

0.0 

Mikania  laevigata 

2.2 

31.1 

8.9 

Nerium  oleander 

11.1 

11.1 

17.8 

Pachystroma  longifolium 

6.7 

4.4 

2.2 

Pereskia  grandifolia 

17.8 

11.1 

2.2 

Phyllanthus  niruri 

6.7 

4.4 

20.0 

Piper  sp. 

2.2 

17.8 

8.9 

Plectranthus  neochilus 

4.4 

6.7 

15.6 

Rhododendron  simsii 

11.1 

31.1 

51.1 

Schinus  molle 

8.9 

20.0 

15.6 

Schinus  terebinthifolius 

13.3 

2.2 

22.2 

Solanum  sisymbriifolium 

13.3 

13.3 

4.4 

Syzygium  cumini 

11.1 

4.4 

8.9 

Table  3  Effect  data  of  potential  sublethal  pesticide  plant  extracts,  three  native  and  exotic  plants  against  larvae  of  second 
instar  S.  frugiperda. 


Corrected  Development  time  (d) 


Measures  (pupae)    Adults  (n°) 


Fertility  and  fecundity  (N°) 


Extrats 

mortality 

(%) 

Larva 

Pre-pupae 

Pupae 

Weight 

(g) 

Length 
(mm) 

Males 

Females 

Total 

Couples 

Postures 

Postures 
ecloded 

Control 

20.99" 

1.33 

10.46 

0.2135 

15.58 

10.4 

10.2 

20.6 

6.8 

6.4 

4.8 

Rhododendron  simsii  (A) 

45.94" 

12.83" 

1.63 

8.82 

0.2049 

14.58 

5.4 

5.2 

10.6 

4 

3 

2 

Rhododendron  simsii  (D) 

21.30b 

17.57" 

1.25 

10.01 

0.2094 

15.35 

5.2 

5.4 

10.6 

3.4 

2.6 

1.2 

Rhododendron  simsii  (P) 

15.20b 

19.4" 

1.5 

6.43 

0.2159 

15.04 

8.4 

8 

16.4 

5.8 

4.8 

3.2 

Euphorbia  pulcherrima  (A) 

65.20" 

13.02" 

1.42 

10.85 

0.2254 

16.18 

5.75 

5 

10.5 

4 

3.25 

2.25 

Euphorbia  pulcherrima  (D) 

64.47" 

13.73" 

1.23 

9.3 

0.2190 

16.22 

3.8 

4 

7.8 

2.6 

2.2 

1.8 

Euphorbia  pulcherrima  (P) 

76.11" 

10.43" 

1.24 

9.39 

0.2344 

15.94 

3 

1 

4 

0.8 

0.4 

0.2 

Maytenusilicifolia  (A) 

7.33" 

20.53" 

1.67 

9.80 

0.1970 

14.84 

9.8 

9 

18.8 

5 

4 

3 

Maytenusilicifolia  (D) 

12.60" 

18.97" 

1.12 

9.94 

0.1997 

15.26 

8.2 

7.4 

15.2 

5.6 

4.2 

2.4 

Maytenusilicifolia  (P) 

4.73" 

19.47" 

1.78 

10.12 

0.2376 

15.72 

13 

11.2 

24.2 

9.2 

7.6 

5 

A  =  aqueous,  D  =  decoction,  P  =  polypeptide; 

In  the  same  column,  means  with  the  same  letter  do  not  differ  significantly  (P  >  0.05). 


The  larval  period  in  control  was  approximately  21  d. 
M.  ilicifolia  aqueous  showed  similar  larval  duration 
(20.5  d),  and  E.  pulcherrima  polypeptide  had  the 
lowest  larval  period  of  about  1 1  d. 


In  control,  the  pre -pupal  period  was  1.33  d.  The 
extract  which  exhibited  the  shortest  duration  in  this 
period  was  M.  ilicifolia  decoction  (1.12  d)  and  the 
longest  was  M.  ilicifolia  polypeptide  (1.78  d). 
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The  aqueous  extract  of  E.  pulcherrima  showed 
pupal  period  similar  to  control  (E.  pulcherrima:  10.85 
d  and  control:  10.46  d).  The  shortest  pupal  period  was 
recorded  in  R.  simsii  polypeptide  extract  (6.43  d). 

The  weight  of  larvae  in  the  control  group  was 
0.2135  g,  the  lowest  weight  was  recorded  in  the 
treatment  with  M.  ilicifolia  aqueous  (0.1970  g)  and  the 
treatment  with  the  highest  weight  was  M.  ilicifolia 
polypeptide  (0.2376  g).  In  contrast  to  these  data,  the 
smallest  pupae  were  observed  in  R.  simsii  aqueous 
treatment  (14.58  mm)  and  the  largest  were  recorded  in 
the  E.  pulcherrima  decoction  extract  (16.22  mm).  The 
mean  size  in  control  pupae  was  15.58  mm. 

The  total  number  of  adults  observed  in  the  control 
treatment  was  20.6  insects,  with  10.4  males  and  10.2 
females,  composing  6.8  couples.  The  treatment  with 
the  highest  number  of  adults  was  M.  ilicifolia 
polypeptide  with  24.2  insects  (13  males  and  11.2 
females)  forming  approximately  9.2  couples.  The  E. 
pulcherrima  polypeptide  extract  showed  the  lowest 
number  of  adults  in  all  repetitions  (4  adults).  There 
was  a  difference  in  the  sex  ratio  of  adults  in  this 
treatment,  with  three  males  and  one  female  per 
repetition.  It  is  not  possible  to  form  couples  in  all 
bioassays. 

The  number  of  couples  that  have  made  postures  in 
the  control  group  was  6.4,  but  only  about  4.8  postures 
were  hatched.  The  treatment  with  the  lowest  number 
of  eggs  was  E.  pulcherrima  polypeptide,  with  2.6 
postures  per  repeat,  which  0.2  erupted  by  bioassay. 
And  the  group  which  had  the  highest  number  of  eggs 
was  M.  ilicifolia  polypeptide  with  7.6  postures  per 
bioassays,  where  only  5  were  hatched. 

4.  Discussions 

In  this  study,  the  extracts  of  E.  pulcherrima  caused 
higher  corrected  mortality  than  M.  ilicifolia  and  R. 
simsii  extracts.  The  toxicity  caused  by  extracts  of  this 
plant  could  be  explained  by  the  presence  of  phenolic 
compounds,  such  as  quercetin  and  kaempferol  [26-28]. 
Nenaah  [29]  reported  mortality  between  54%  and  64% 


of  Sitophilus  oryzae  (rice  weevil)  and  Rhyzopentha 
dominica  (buzzer  on  cereals),  when  fed  with 
Calotropis  procera  (Ait.)  (Gentianales: 
Asclepiadaceae)  extracts,  whose  major  secondary 
metabolites  are  phenolic  compounds  such  as 
kaemferol.  Moraes-Braga  et  al.  [30]  observed  68% 
mortality  of  Trypanosoma  cruzi  exposed  to  Lygodium 
venustum  extract  which  presents  kaempferol  and 
quercetina  as  its  main  secondary  metabolites. 

The  acute  effect  of  aqueous  extract  of  R.  simsii  may 
be  due  to  the  presence  of  diterpenes  that  are  powerful 
deterrents  to  many  species  of  insects  [31].  These 
diterpenoid  found  in  all  species  of  R.  simsii,  are 
termed  graianotoxins,  toxins  "alkaloid",  and  are 
bound  to  sodium  channels  in  cell  membranes 
increasing  permeability  of  this  ion  in  excitable 
membranes.  This  binding  is  reversible,  but  can  cause 
serious  damage  to  the  affected  cells  [18-32].  Klocke  et 
al.  [33]  obtained  LC5o  of  8.8  ppm  by  exposing  S. 
frugiperda  to  the  rhodojaponin-III,  a  type  of 
graianotoxins  extracted  from  Rhododendron  molle. 

DTncao  et  al.  [10]  observed  an  increase  in  the 
larval  period  by  exposing  larvae  of  S.  frugiperda  to 
312  ppm  saponin  extracted  from  Passiflora  alata 
Curtis  (1788)  (Violales:  Passifloraceae).  In  this  work, 
the  pre -pupa  and  pupa  showed  no  significant 
difference  in  duration  of  treatment  compared  to  the 
control,  a  result  which  confirms  the  results  obtained 
by  DTncao  et  al.  [10].  However  polypeptide  extract  of 
R.  simsii  reduced  the  pupal  period  of  S.  frugiperda. 
The  aqueous  extracts  and  decoction  of  R.  simsii  and 
polypeptide  extract  of  E.  pulcherrima  reduced  the 
larval  period  of  S.  frugiperda,  differing  control  and 
other  treatments  (P  <  0.05). 

In  this  study,  the  extracts  obtained  by  decoction, 
aqueous  and  polypeptide  of  E.  pulcherrima  and 
decoction  and  polypeptide  of  R.  simsii  reduced  the 
average  number  of  eggs  and  hatched  larvae,  differing 
significantly  from  the  control.  Ramos-Lopez  et  al.  [34] 
observed  a  gradual  decrease  in  pupal  weight  of  S. 
frugiperda  exposed  to  different  extracts  of  R.  communis. 
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The  selection  of  plants  with  insecticidal  activity  is 
based  on  the  lethal  effects.  However,  it  should  be 
considered  that  the  mortality  of  the  insect  requires 
higher  dose,  hence  larger  amount  of  vegetable  raw 
material.  Thus,  the  main  objective  should  be  to  reduce 
or  prevent  the  growth  of  the  pest  population,  either  by 
physiological  effects  and  changes  in  sexual  behavior 
or  other  related  factors. 

The  results  of  this  study  suggest  that  the  extracts 
obtained  by  decoction,  aqueous  and  polypeptide  of  E. 
pulcherrima  and  R.  simsii  can  be  used  to  control  S. 
frugiperda.  However,  the  successful  search,  product 
starting  from  extracts  of  plants  depends  on  the 
availability  of  plant  and  the  entire  assembly  around 
the  detection  of  bioactive  products,  in  addition  to  the 
active  ingredients  of  the  chemical  synthesis  and 
elucidation  of  the  target  site  insecticide  molecule. 
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Abstract:  This  study  was  conducted  to  investigate  the  effect  of  feeding  different  fibre  feedstuffs  on  the  performance,  nutrient 
utilization  and  economics  of  production  of  weaning/growing  pigs.  Five  fibre  feedstuffs — palm  kernel  cake  (PKC),  wheat  offal  (WO), 
corn  bran  (CB),  rice  bran  (RB)  and  brewers'  dried  grain  (BDG)  were  used  at  25%  in  each  of  the  five  experimental  diets  that  were 
formulated  in  this  study.  Twenty  weaner  pigs  (12.75  ±  0.6  kg)  were  used  for  the  growth  study  while  15  pigs  (14.95  ±  0.57  kg)  were 
used  for  the  digestibility  study.  The  design  of  the  experiment  was  completely  randomized.  The  results  of  the  study  showed  that  the 
performance  of  the  experimental  animals  were  significantly  influenced  (P  <  0.05)  by  the  dietary  treatments.  The  apparent 
digestibility  of  the  crude  protein,  crude  fiber  and  ether  extract  showed  significant  differences  (P  <  0.05)  while  there  was  no 
significant  difference  (P  >  0.05)  in  the  apparent  digestibility  of  their  dry  matter,  ash  and  nitrogen  free  extract.  The  diet  that  contained 
WO  had  the  best  growth  response  and  apparent  nutrient  digestibility.  Results  of  economics  of  production  also  showed  that  diet  with 
WO  gave  the  best  (P  <  0.05)  value  in  feed  cost/kg  gain  and  net  profit/animal.  It  can  be  concluded  from  this  study  that  although  all  the 
animals  fed  the  different  fibre  feedstuffs  performed  satisfactorily  on  all  the  parameters  monitored,  but  for  optimum  growth,  apparent 
nutrients  digestibility  and  economics  of  production.  WO  should  be  used  as  a  fibre  feedstuff  in  the  diets  of  weaning/growing  pigs  in 
the  tropics. 

Key  words:  Pigs,  performance,  digestibility,  economics  of  production,  diets. 


1.  Introduction 

Pig  production  according  to  Adesehinwa  [1] 
represents  the  fastest  means  of  correcting  animal 
protein  shortage  in  Africa.  This  is  because,  apart  from 
their  high  rate  of  reproduction,  poultry  and  pigs  are 
characterized  by  the  best  efficiency  of  nutrient 
transformation  into  high  quality  protein  (meat).  For 
this  reason,  pig  feeds  and  feeding  must  be  efficiently 
managed  to  ensure  the  production  of  meat  at  the  most 
economic  level. 

Due  to  serious  competition  between  feed  industry 
and  other  sources  of  food  which  has  been  resulting  in 
high  cost  and  scarcity  of  conventional  feed  ingredients 
[2]  like  maize,  soybean  meal,  groundnut  cake, 
fishmeal  etc.,   most  pig  farmers   in  Nigeria  use 

Corresponding  author:  Emmanuel  Oluropo  Akinfala, 
Ph.D.,  research  field:  monogastric  animal  nutrition.  E-mail: 
akinfala@oauife.edu.ng;  oakinfala@yahoo.com. 


agro-industrial  by-products  such  as  palm  kernel  cake, 
wheat  offal  (WO),  corn  bran  (CB),  brewers'  dried 
grain  (BDG)  and  rice  bran  (RB)  as  basal  feed 
ingredients.  According  to  Amaefule  et  al.  [3],  there 
have  been  no  evidence  that  these  farmers  who  use 
these  by-products  to  feed  their  pigs  have  sufficient 
knowledge  of  their  nutritional  value  in  terms  of  their 
nutrient  content,  digestibility  and  nutrient  availability. 
Adesehinwa  et  al.  [4]  had  recognized  the  use  of 
agro-industrial  by-products  for  livestock  feeding 
especially  in  the  developing  countries  as  a  measure  for 
sustainable  livestock  development. 

Although,  the  feeding  value  of  these 
non-conventional  feedstuffs  had  been  documented 
[5-7]  they  may  have  undergone  changes  in  their 
proximate  and  nutrient  composition  with  time  due  to 
changes  in  the  variety  of  crops  and  methods  of 
industrial  processing.  For  this  reason,  there  will  be  the 
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need  to  always  establish  the  bioavailability  of 
nutrients  from  these  fibre  feedstuffs  for  pigs  in  order 
to  ensure  adequate  feeding  and  at  a  low  cost,  too  [3]. 

The  use  of  these  agro-industrial  by-products  as 
basal  diets  by  most  pig  farms  in  South- Western 
Nigeria  is  presently  not  sufficient  to  support  optimum 
productivity  of  the  animals.  The  implication  of  this  is 
that  most  of  the  animals  cannot  reach  market  age 
within  a  reasonable  period  of  time.  Although,  there 
has  been  continuous  investigation  on  the  potentials  of 
some  agro-industrial  by-products  such  as  palm  kernel 
cake  (PKC),  WO,  RB,  BDG  etc.,  as  feedstuffs  for 
monogastric  animals,  the  economics  of  their  inclusion 
and  which  one  is  better  utilized  under  the  same 
management  conditions  have  not  been  fully 
established. 

Hence,  this  study  was  carried  out  to  investigate  the 
effect  of  feeding  these  different  fibre  feedstuffs  on  the 
performance,  nutrient  utilization  and  economics  of 
production  of  weaning/growing  pigs. 

2.  Materials  and  Methods 

2.1  Location  of  Study  and  Source  of  Ingredients 

The  experiment  was  conducted  at  the  Swine  Unit  of 
the  Teaching  and  Research  Farm  of  the  Faculty  of 
Agriculture,  Obafemi  Awolowo  University,  Ile-Ife, 
Nigeria.  All  the  fibre  feedstuffs  were  purchased  from 
a  commercial  feedmill  at  Ibadan,  Oyo  State,  Nigeria. 

2.2  Experimental  Pigs  and  Their  Management 

A  total  of  20  growing  pigs  of  average  weight  13.05  ± 
1.08  kg  were  randomly  assigned  to  five  experimental 
diets.  There  were  four  animals  per  treatment  and  each 
of  them  served  as  a  replicate.  The  experimental  design 
was  completely  randomized.  Routine  management 
practices  were  carried  on  the  animals  on  treatment  basis. 
The  experiment  lasted  for  42  d. 

2.3  Apparent  Nutrient  Digestibility  Study 

The  apparent  nutrient  digestibility  experiment  was 
carried  out  with  15  pigs  with  initial  mean  weight  of 


14.95  ±  0.57  kg.  The  pigs  were  randomly  distributed 
into  the  five  experimental  diets  that  were  formulated 
for  this  study.  The  pigs  were  put  individually  in  a 
metabolism  cage  (107  cm  x  60  cm  x  50  cm)  locally 
fabricated  with  metal  for  7  d.  The  pigs  were  starved 
for  12  h  before  the  commencement  of  the  digestibility 
study  to  clear  the  gut  of  previous  meals  because 
markers  were  not  used.  The  metabolic  cages  were 
equipped  with  watering  and  feeding  facilities.  They 
were  fed  3%  of  their  body  weight  while  water  was 
supplied  ad  libitum.  Total  excreta  were  collected  daily 
during  the  last  4  d  of  the  metabolic  trial.  The  faeces 
was  oven  dried  on  daily  basis  at  60  °C,  weighed  and 
put  in  a  labeled  plastic  bag  and  stored  in  a  deep 
freezer  for  future  use.  At  the  end  of  these  4  d  of  fecal 
collection  from  each  animal,  the  oven  dried  faeces 
was  mixed,  milled  and  representative  samples  were 
taken  to  proximate  composition  analysis. 

2.4  Diets  and  Feeding 

Five  experimental  diets  with  various  fibre 
feedstuffs  were  formulated  in  this  study.  Diet  1 
contained  PKC,  diet  2  contained  WO,  diet  3  contained 
CB,  diet  4  contained  RB  and  diet  5  contained  BDG. 
All  were  included  at  25%  of  the  diets.  All  diets 
contained  an  average  of  20%  crude  protein  (Table  1). 
These  diets  were  formulated  to  meet  the  requirements 
of  growing  pigs  in  the  tropics. 

Feed  was  allocated  daily  at  5%  of  their  body  weight 
and  water  was  supplied  ad  libitum  throughout  the 
experimental  period. 

2.5  Data  Collection 

On  daily  basis,  known  and  carefully  measured  feed 
was  given  to  each  animal  and  at  the  end  of  each  week, 
feed  remnant  was  weighed  back  and  quantitative  feed 
intake  (feed  disappearance)  was  calculated  by 
difference.  Records  of  weight  gain,  feed  intake  and 
feed  to  gain  ratio  were  kept  on  treatment  basis.  The 
economics  of  production  was  determined  using  feed 
cost/kg  gain  by  the  animal  and  the  net  profit/each 
animal. 
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Table  1    Gross  composition  of  experimental  diets. 


Ingredients  (%) 

Diets 

1 

2 

3 

4 

5 

Maize 

45.0 

45.0 

45.0 

45.0 

45.0 

Soybean  meal 

10.0 

10.0 

10.0 

10.0 

10.0 

Groundnut  cake 

15.0 

15.0 

15.0 

15.0 

15.0 

PKC 

25.0 

- 

- 

- 

- 

WO 

- 

25.0 

- 

- 

- 

CB 

- 

- 

25.0 

- 

- 

RB 

25.0 

BDG 

25.0 

Fish  meal 

2.00 

2.00 

2.00 

2.00 

2.00 

Salt 

0.50 

0.50 

0.50 

0.50 

0.50 

*Premix 

0.25 

0.25 

0.25 

0.25 

0.25 

Bone  meal 

2.25 

2.25 

2.25 

2.25 

2.25 

Total 

100.0 

100.0 

100.0 

100.0 

100.0 

Calculated  analysis 

Metabolizable  energy  (kcal/kg) 

2,797.00 

2,721.00 

2,878.00 

2,968.00 

2,748.00 

Crude  protein  (%) 

21.25 

21.50 

19.50 

19.80 

21.30 

Crude  fibre  (%) 

5.32 

4.32 

5.32 

4.45 

7.32 

*Grower  premix  supplied  the  following  per  kg  diet:  vitamin  A  10,000,000  IU;  vitamin  D  32,000,000  IU;  vitamin  E  8,000  IU;  vitamin 
K  2,000  mg;  vitamin  Bl  2,000  mg;  vitamin  B2  5,500  mg;  vitamin  B6  1,200  mg;  vitamin  B 12  12  mg;  biotin  30  mg;  folic  acid  600  mg: 
niacin  10,000  mg;  pantothenic  acid  7,000  mg;  choline  chloride  500,000  mg;  vitamin  C  10,000  mg;  iron  60,000  mg;  Mn  80,000  mg; 
Cu  800  mg;  Zn  50,000  mg;  iodine  2,000  mg;  cobalt  450  mg;  selenium  100  mg;  Mg  100,000  mg;  anti-oxidant  6,000  mg. 

2.6  Chemical  and  Statistical  Analyses 

The  proximate  composition  of  the  fibre  feedstuffs, 
diets  and  fecal  samples  were  carried  out  using  method 
outlined  by  Association  of  Official  Analytical 
Chemists  (AO AC)  [8].  All  the  data  collected  were 
subjected  to  statistical  analysis  using  a  computer 
software  package  [9].  One-way  analysis  of  variance 
(ANOVA)  was  used  to  compare  the  means  while  the 
means  were  separated  using  Duncan's  multiple  range 
test. 

3.  Results  and  Discussion 

3.1  Proximate  Composition  of  Test  Ingredients 

The  proximate  composition  of  test  ingredients  is 
presented  in  Table  2.  The  result  showed  that  BDG  had 
the  highest  value  of  crude  protein  23.32%  which  was 
higher  than  22.49%  reported  by  Amaefule  et  al.  [10]. 
The  variation  may  be  due  to  differences  in  source  and 
processing  methods.  The  crude  fibre  content  ranged 
from  8.15%  to  20.57%  with  BDG  having  the  highest 
value  while  WO  had  the  lowest  value. 

The  proximate  composition  obtained  for  CB  and 


RB  had  similarities  with  values  reported  by  Aduku 
[11]  and  Kil  et  al.  [12].  CB  had  the  lowest  percentage 
of  ether  extract  (2.33%)  while  the  highest  value  was 
found  in  RB.  This  may  be  due  to  monounsaturated 
fatty  acids  and  low  saturated  fatty  acids  present  in 
these  feedstuffs  [13]. 

3.2  Growth  Performance 

As  shown  in  Table  3,  the  final  live  weight  (kg) 
significantly  differed  (P  <  0.05)  across  the  five 
experimental  diets.  The  highest  value  (27.13  kg) 
occurred  in  diet  2  while  the  lowest  value  (20.25  kg) 
occurred  in  diet  5.  The  average  daily  weight  gain  also 
showed  significant  difference  (P  <  0.05)  across  the 
five  treatments.  Diet  2  had  the  highest  value  (0.39 
kg/d)  while  diet  5  had  the  lowest  value  (0.20  kg/d). 
This  may  be  due  to  the  better  utilization  of  the 
nutrients  in  WO  by  the  experimental  animals  than  the 
other  test  ingredients.  The  highest  feed  intake  (0.92 
kg/d)  was  found  in  diet  1  (P  >  0.05)  while  the  lowest 
value  was  found  in  diet  5  (0.73  kg/d).  The  low  feed 
intake  in  diet  5  may  be  due  to  the  bulkiness  of  BDG 
which  had  been  reported  to  have  adverse  effect  on  the 
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Table  2    Proximate  composition  of  the  test  ingredients. 


Proximate  composition  (%) 

Fibre  ingredients 

1  (PKC) 

2  (WO) 

3  (CB) 

4  (RB) 

5  (BDG) 

Moisture 

90.24 

90.74 

89.40 

89.20 

89.90 

Ash  content 

3.68 

4.73 

2.25 

8.73 

6.21 

Crude  fibre 

10.54 

8.15 

10.55 

11.63 

20.57 

Ether  extract 

6.72 

4.48 

2.33 

13.14 

3.25 

Crude  protein 

22.53 

18.81 

12.69 

13.56 

23.32 

Nitrogen  free  extract 

56.53 

63.83 

81.18 

52.94 

46.65 

Table  3    Growth  and  economics  of  production  of  the  experimental  animals. 

Parameters 

Diets 

1 

2 

3 

4 

5 

SEM 

Initial  body  weight  (kg) 

13.50 

12.88 

13.25 

12.88 

12.75 

0.04 

Final  body  weight  (kg) 

26.00" 

27.13a 

23.63" 

24.13b 

20.25c 

1.54 

Average  daily  weight  gain  (kg) 

0.34b 

0.39a 

0.28° 

0.30b 

0.20d 

0.14 

Average  daily  feed  intake  (kg) 

0.92a 

0.90a 

0.85b 

0.84b 

0.73c 

0.11 

Feed/gain  ratio 

2.72b 

2.38a 

3.01° 

2.90b 

3.65d 

0.23 

Feed  cost/kg  of  diet  ($) 

0.47 

0.49 

0.50 

0.45 

0.46 

0.09 

Feed  cost/kg  weight  gain  ($) 

1.27b 

1.16a 

1.49c 

1.31b 

1.68d 

0.09 

Net  profit/animal  ($) 

26.45b 

30.22a 

21.89c 

24.32b 

16.18d 

2.35 

a,  b,  c:  means  in  the  same  row  having  different  superscripts  differ  at  P  <  0.05; 
N150  =  l$. 


digestibility  of  nutrients  in  any  feed/feedstuffs  [14]. 
This  may  be  the  reason  for  the  observed  growth 
response  of  the  animals  in  this  study.  The  weight 
gained  by  the  animals  in  this  study  appeared  to  be 
influenced  by  the  feed  intake.  The  more  the  animal  ate 
the  more  weight  they  gained.  There  were  significant 
differences  (P  <  0.05)  in  the  feed  to  gain  ratio  values 
across  the  treatment.  Diet  2  had  the  best  feed  to  gain 
ratio  (2.38)  while  diet  5  had  the  worst  (3.65). 

The  growth  response  of  the  experimental  animals 
on  WO  and  PKC  based  diets  were  similar.  This  may 
be  due  to  their  lower  fibre  contents  compared  to  the 
other  fibre  feedstuffs  used  in  this  study.  This 
according  to  Alawa  and  Umunna  [15],  make  them 
more  suitable  for  feeding  monogastric  animals.  The 
poorer  weight  gain  of  animals  on  diet  5  may  be  due  to 
high  crude  fibre  level  of  BDG  which  affects 
digestibility  [16]. 

3.3  Economics  of  Production 

The  economics  of  production  of  the  experimental 
animals  is  shown  in  Table  3.  The  net  profit/animal 
differ  significantly  (P  <  0.05)  with  diet  2  generating 
the  highest  profit  ($30.22)  while  diet  5  generated  the 


least  profit  ($16.18).  The  feed  cost/kg  weight  gain  was 
the  lowest  (P  <  0.05)  in  diet  2  ($1.16)  and  the  highest 
($1.68)  for  diet  5.  The  feed  cost/kg  of  feed  showed  no 
significant  difference  (P  >  0.05)  across  the  five  dietary 
treatments.  Diet  4  had  the  lowest  feed  cost/kg  ($0.45) 
while  diet  3  had  the  highest  value  ($0.50).  The 
variation  in  the  cost  of  feed/kg  was  due  to  variation  in 
cost  of  test  ingredients.  Although,  diet  4  gave  the  least 
cost  ration  but  it  did  not  translate  it  into  more  profit 
from  the  animals  on  this  diet.  Moreover,  despite  the 
fact  that  diet  2  was  not  the  cheapest  diet,  it  gave  the 
best  economics  of  production  indices  in  this  study. 
The  combination  of  improved  weight  gain  and  best 
feed  conversion  efficiency  may  have  been  responsible 
for  higher  returns  in  diet  2  compared  to  other  diets. 
Also  the  protein  in  WO  may  be  of  higher  quality, 
more  digestible  and  palatable  and  in  addition,  more 
nutrients  may  have  been  made  available  compared 
with  the  other  ingredients  tested  [17]. 

3.4  Apparent  Nutrient  Digestibility 

The  apparent  nutrient  utilization  is  shown  on  Table  4. 
There  was  no  significant  difference  (P  <  0.05)  in  the 
apparent  digestibility  value  for  ash  and  nitrogen  free 
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Table  4    Apparent  nutrient  digestibility  of  the  animals  fed  the  experimental  diets. 


Parameters  (%) 


Diets 


SEM 


Dry  matter 

88.94 

93.84 

79.78 

84.76 

81.48 

1.86 

Crude  protein 

86.89b 

94.22a 

86.44b 

88.23" 

74.69c 

2.08 

Crude  fibre 

76.62a 

78.63a 

77.67c 

67.03" 

56.59c 

5.79 

Ether  extract 

85.70" 

97.58a 

69.16b 

54.27c 

55.65c 

5.24 

Ash 

64.79 

65.83 

67.67 

61.57 

56.15 

5.51 

Nitrogen  free  extract 

92.96 

95.20 

84.05 

93.08 

88.99 

1.61 

a,  b,  c:  means  in  the  same  row  having  different  superscripts  differ  at  P  <  0.05. 
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extract  across  all  the  treatments,  while  crude  fibre  and 
ether  extract  are  significantly  different  (P  >  0.05) 
across  all  the  treatments.  The  highest  crude  protein 
digestibility  (94.22%)  was  found  in  diet  2  while  the 
least  digestibility  was  found  in  diet  5  (74.69%) 
indicating  that  BDG  was  less  digestible  which  may  be 
as  a  result  of  its  higher  fibre  content.  Apparent  crude 
fibre  digestibility  was  significantly  the  highest  (P  < 
0.05)  in  diet  2  (78.63%)  while  the  least  was  diet  5 
(56.59%).  The  highest  ether  extract  value  (P  <  0.05) 
was  found  in  diet  2  (97.58%)  and  the  least  was  found 
in  diet  4  (54.27%).  The  differences  in  the  digestibility 
of  the  proximate  components  of  the  test  ingredients 
may  be  due  the  level  of  fibre  in  them.  It  agreed  with 
the  findings  of  Jorgensen  et  al.  [18]  who  identified 
fiber  as  one  of  the  most  important  factors  that  affected 
digestibility  in  pigs.  The  lower  fibre  content  of  WO 
compared  to  PKC  makes  it  more  suitable  for  the 
feeding  of  monogastric  animals  [15].  Nonetheless,  the 
proximate  components  of  all  the  fibre  feedstuffs  based 
diets  in  this  study  appeared  to  be  well  digested.  This 
may  have  been  responsible  for  the  acceptable  growth 
rate  of  all  the  animals  in  this  study. 

4.  Conclusions 

It  can  be  concluded  from  this  study  that  although  all 
the  animals  fed  the  different  fibre  feedstuffs 
performed  satisfactorily  on  all  the  parameters 
monitored,  but  for  optimum  growth,  apparent 
nutrients  digestibility  and  economics  of  production, 
WO  should  be  used  as  a  fibre  feedstuff  in  the  diets  of 
weaning/growing  pigs  in  the  tropics. 
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Abstract:  This  paper  presents  the  feed  marketing  systems  of  Ethiopia  in  terms  of  feed  demand  and  supply,  feed  quality  issues,  feed 
prices  and  price  trends  based  on  qualitative  data  generated  through  rapid  market  appraisal  methodology.  The  results  indicate  that,  the 
demand  for  roughages,  agro-industrial  by-products  (AIBP)  and  compound  feeds  is  showing  increasing  trend.  The  use  of  feed  from 
commercial  sources  is,  however,  very  limited  due  to  shortage  of  feed  supply  and  inefficient  marketing  system.  The  AIBP  mainly 
from  flour  and  grind  mills,  oil  processing  plants  and  breweries  are  in  short  supply  and  directly  marketed  to  user  or  through  traders. 
Consequently,  most  of  the  exiting  feed  mixers/processing  enterprises  are  operating  under  capacity  estimated  at  about  20%-30%.  The 
main  marketed  roughages,  which  are  mainly  cereal  straws  and  baled  hay,  are  also  in  short  supply.  Feed  prices  are  increasing  from 
time  to  time  and  mainly  exacerbated  by  the  increasing  trend  in  export  market  of  AIBP  and  double  taxation  in  mixed  rations.  There  is 
no  any  feed  quality  control  or  assurance  mechanism  in  Ethiopia.  Precaution  needs  to  be  taken  in  the  area  of  taxation  in  order  to  avoid 
double  taxation.  Implications  to  improve  the  feed  marketing  systems  and  opportunities  for  livestock  development  are  drawn. 

Key  words:  Agro-industries,  by-products,  concentrate  mixtures,  crop  residues,  quality  control,  taxation. 


1.  Introduction 

Subsistence  livestock  production  constitutes  a  very 
important  component  of  the  country's  agricultural 
economy  accounting  for  16%  of  the  total  GDP  and  over 
40%  of  the  agricultural  GDP  [1],  15%  of  export 
earnings  and  generates  30%  of  the  agricultural 
employment  [2].  Moreover,  livestock  are  estimated  to 
contribute  to  the  livelihoods  of  60%-70%  of  the 
Ethiopian  population.  More  interestingly,  the  livelihood 
of  pastoralists  is  dependent  on  livestock.  Pastoral  areas 
cover  60%  of  Ethiopia  and  include  12%- 15%  of  the 
human  population,  as  well  as  very  large  number  of 
livestock  [3].  The  major  contribution  of  livestock  to 
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food  security  and  poverty  reduction  is  expected  to 
increase  substantially  because  of  increases  in  standard 
of  life  and  urbanization  in  developing  countries. 

Despite  its  contribution  to  the  economy  and  small 
holders'  livelihood,  the  production  system  is  not 
adequately  market-oriented  and  livestock  productivity 
remains  very  low  due  to  various  constraints  that  include 
poor  nutrition  and  disease  prevalence.  These  problems 
are  compounded  by  inefficiencies  in  the  input  (feed, 
genetic  material  and  veterinary  services)  and  output 
(livestock  and  livestock  products)  marketing,  including 
poor  market  infrastructure,  lack  of  marketing  support 
services  and  limited  market  information  [4].  Among 
these  constraints  issues  related  to  feed  are  the  most 
remarkable  ones.  Feed  shortage  in  quantity  and  quality 
has  been  a  critical  problem  in  Ethiopian  livestock 
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production  system  [4-6].  The  single  largest  expense  in 
animal  production  is  feed  cost  and  it  dictates  feasibility 
of  livestock  enterprise.  Overall,  among  the  dominant 
factors  contributing  to  the  feed  shortage  both  in  terms 
of  quantity  and  quality  is  the  poor  feed  marketing 
system  characterized  by  poor  market  information, 
localized  thin  markets  and  limited  premium  price  for 
quality. 

A  review  of  past  research  works  indicated  that 
animal  feeds  and  nutrition  research  largely 
concentrated  on  biological  aspects  both  on-station  and 
on-farm.  If  adoptions  of  animal  nutrition  technologies 
have  to  be  optimized  on  the  on-farm,  feed  technology 
development  should  be  accompanied  by  efficient  feed 
market  system.  An  efficient  feed  marketing  system  is 
rewarding  both  for  marketing  agents  and  livestock 
producers.  So  far,  very  few  studies  have  addressed 
issues  of  feed  supply  and  marketing  [4].  However, 
information  concerning  livestock  feed  demand  and 
supply,  feed  quality  issues,  feed  marketing,  feed  prices, 
price  trends  are  scarce.  This  paper  is  aimed  at 
assessing  the  feed  marketing  systems  in  Ethiopia  in 
general  and  in  the  Central  Ethiopia  in  particular,  to 
analyze  and  generate  a  qualitative  understanding  of 
the  feed  demand  and  supply  situations,  feed  quality 
issues,  feed  marketing,  feed  prices  and  price  trends. 

This  paper  is  organized  as  follows:  The  next  section 
presents  the  methodology  used  in  the  study.  Section 
three  presents  results  and  discussion  on  domestic 
livestock  feed  supply  and  demand,  export  demand  of 
livestock  feeds,  domestic  livestock  feed  marketing  and 
prices,  feed  quality  and  government  policy  issues. 
Section  four  concludes  the  paper  and  presents 
implications. 

2.  Materials  and  Methods 

This  study  was  conducted  based  on  Rapid  Market 
Appraisal  (RMA)  methodology  [7,  8].  As  key 
marketing  reference  points  different  markets  in  North 
Shewa  (Sululta,  Chancho,  Fitche  and  Gerba  Guracha), 
West  Shewa  (Holetta,  Addis  Alem,  Ginchi  and  Ambo), 


South  West  Shewa  (Alemgena,  Sebeta,  Tulubolo  and 
Weliso),  East  Shewa  (Dukem,  Bishoftu,  Mojo  and 
Adama)  and  Addis  Ababa  and  surroundings  were 
selected  as  main  sites  of  investigation  and  sources  of 
information  of  marketing  operations. 

The  study  is  based  on  qualitative  information  such  as 
feed  supply  and  demand  aspects,  feed  quality  issues, 
challenges  and  opportunities  of  feed  marketing  sourced 
through  group  discussions  and  interviews  with  key 
informants  (hay  producers,  millers  and  feed  processors, 
small  and  large  scale  agro-industries,  feed  traders,  feed 
buyers  and  cattle  traders).  Data  were  also  collected 
based  on  interviews  with  key  informants  (experts  of  the 
respective  Woreda  Offices  of  Agriculture  and  Rural 
Development  and  Development  Agents,  experts  of  the 
Respective  Woreda/Urban  Offices  of  Trade,  industry 
and  transport,  experts  at  the  Ministry  of  Agriculture  and 
Rural  Development  (MoARD),  Ministry  of  Trade  and 
Industry,  Bureau  of  Trade  &  Industry  (Addis  Ababa), 
Zonal  Offices  of  Agriculture  and  Rural  Development 
and  experts  of  the  Urban  Agriculture  Offices). 

In  addition  to  this,  data  generated  through  personal 
observations  through  field  visits  (feed  market  places, 
livestock  farms,  small  and  large  scale  agro-industries 
(edible  oil  factories,  floor  factories  and  millers)  and 
feed  processing  industries)  were  considered.  Data  on 
feed  prices  and  price  trends,  type  and  amount  of  feed 
exported  were  collected  from  secondary  sources 
(records  of  federal,  zonal  and  district  level,  Ethiopian 
Customs  Authority,  Addis  Ababa  Chamber  of 
Commerce,  traders,  small  and  large-scale 
agro-industries  and  feed  millers  and  mixers/processing 
enterprises). 

3.  Results  and  Discussion 

3.1  Domestic  Livestock  Feed  Supply 

3.1.1  Types  of  Livestock  Feed  Supplied  in 
Domestic  Market 

In  general,  the  feed  markets  can  be  categorized  into 
three  main  market  types:  markets  for  roughages, 
markets  for  agro-industrial  by-products  (AIBP)  and 
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markets        for       compound  feeds/concentrate 
mixtures/formulated  rations. 

3.1.1.1  Roughages  (Crop  Residues  and  Natural 
Pasture  Hay) 

The  types  of  crop  residues  in  the  country  differ 
from  place  to  place  depending  on  the  type  of  crop 
grown  as  determined  by  the  agro-climatic  conditions. 
The  major  crop  residues  supplied  in  the  market  are 
cereal  crop  residues  like  teff  straw,  barley/wheat  straw, 
green  maize  fodder,  sorghum  stover  and  oat  (Avena 
sativa)  fodder.  However,  there  is  a  limited  supply  of 
pulse  crop  residues.  The  area  of  grazing  land  has 
declined  markedly  particularly  in  the  highlands,  and 
this  trend  is  continuing  at  an  increasing  rate  due  to 
expansion  of  crop  cultivation  and  urbanization,  and  to 
a  lesser  extent  through  land  degradation  [9].  Hence, 
the  supply  of  natural  pasture  hay  is  diminishing  while 
crop  residues  are  becoming  increasingly  important  in 
the  annual  feeding  cycle,  already  accounting  for  more 
than  50%  of  total  feed  in  most  areas.  Sugarcane  tops 
and  bagasse  are  mainly  produced  by  the  state  sugar 
factories.  However,  because  of  its  bulky  nature  and 
difficulty  to  transport,  most  of  the  sugar  cane  tops  are 
either  burned  or  left  in  the  field  and  used  freely  by  any 
livestock  producers  living  in  the  vicinity  of  the 
factories. 

3.1.1.2  AIBP 

The  major  feed  resources  as  by-products  of  the 
agro-industries  in  the  country  are  milling  by-products 
(wheat  bran  (the  coarse  outer  coat  of  wheat),  wheat 
middling  (finer  which  may  contain  bran,  endosperm 
and  germ),  wheat  short,  rice  bran  and  screenings), 
edible  oil  processing  by-products  such  as  nougseed 
{Guizotia  abyssinica)  cake  (NSC),  cottonseed  cake 

Table  1  Total  quantity  sold  of  wheat  bran  (WB)  and  wheat 
used  as  animal  feed,  during  2003/04-2006/07. 


(CSC),  linseed  cake  (LSC)  and  rapeseed  (Brassica 
carinta)  or  Ethiopian  mustard  cake  (RSC),  groundnut, 
sesame,  sunflower,  peanut,  safflower  cakes,  etc., 
molasses  and  spent  brewery  grain.  The  traditional 
brewery  residue  {Tela  atella)  and/or  traditional  liquor 
residue  (Katicala/Areqe  atella)  are  also  the 
by-products  produced  by  small  scale  brewery  and 
liquor  plants,  respectively.  The  major  producers  of 
wheat  by-products  are  flour  mills.  Wheat  bran  is  the 
most  common  by-product  marketed  and  used  for 
livestock  feeding.  According  to  Tolera  [6],  there  are 
about  nine  state  and  1 8 1  private  owned  grains  milling 
factories  in  the  country  with  operating  capacity  of 
73%  and  55%,  respectively,  mainly  producing  wheat 
by-products  (Table  1). 

Oil  crop  by-products  are  produced  mainly  by  large 
(Table  2)  and  small  scale  edible  oil  processing 
factories.  The  types  and  the  importance  of  the 
particular  seed  cakes  in  the  country  vary  from  place  to 
place.  In  west,  South  West  and  North  Shewa  zones, 
the  seeds  cakes  traded  are  noug  and  linseed  cakes.  In 
Adama  town,  cottonseed,  linseed  and  nougseed  cakes 
are  most  supplied. 

Most  of  the  large-scale  edible  oil  factories  are 
operating  at  less  than  50%  of  their  capacity  due  to 
fluctuation  and  inadequate  supply  of  raw  materials 
(oilseeds)  because  of  competition  with  export  and 
direct  use  of  the  seeds  locally,  high  price  of  oilseeds, 
availability  of  cheaper  imported  oil  in  the  local  market 
and  climatic  factors. 

According  to  administrative  zone/town/district 
trade,  industry  and  transport  office  and/or  district 
finance  office  and  bureau  of  trade  and  industry  (Addis 
Ababa),  the  number  of  small  scale  oil  processing  plants 

middling  (WM)  from  private  and  state  owned  food  industries 


Name  of  agro-industry 

Type  of 
by-product 

Total  quantity  (quintals)  sold 

2003/04 

2004/05 

2005/06 

2006/07 

DH-GEDA  Floor  Factory 

WB 

NA 

19,798.5 

15,356.5 

15,295.5 

WB 

23,829.7 

25,374.2 

14,591.4 

13,969.5 

Kaliti  Food  Share  Company 

WM 

16,513.0 

15,441.7 

9,522.4 

11089.8 

Source:  DH-GEDA  Floor  Factory  (AA)  and  Kaliti  Food  Share  Company;  NA:  not  available. 
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Table  2    Annual  production*  (total  quantity  sold)  of  different  oilseed  cakes  used  as  animal  feed,  during  2003/04-2006/07. 


Name  of  agro-industry 


Type 

by-product 


of 


Total  quantity  (quintals)  sold 


2003/04 


2004/05 


2005/06 


2006/07 


Addis-Modjo  Edible  Oil  Complex  Share 
Company 


CSC/Meal 

NSC/Meal 
RSC/Meal 


NA 

NA 
NA 


11,588.86 
NA 

5,102.41 


10,486.40 

3,702.29 
13,280.19 


14,395.00 

364.50 
15,633.82 


Total 

Nazareth    Edible    Oil    Complex  Share 
Company  (Adama) 
Hamaressa  edible  oil  (Harar)* 
Bahir  Dar  edible  oil  (Bahir  Dar)* 


CSC 

Peanut  cake 
Oilseed  cake 


NA 

3,470 
2,290 


16,691.27 

21,364.90 

2,090 
1,110 


27,468.88 

25,044.20 

2,380 
2,660 


30,393.32 

35,204.30 

NA 
NA 


Source:  large  scale  edible  oil  factories  and  *compiled  from  Ref.  [6];  NA:  not  available. 


available  in  nine  districts  of  West  Shewa,  six  districts 
of  North  Shewa  and  two  districts  of  South  West 
Shewa  zone,  and  in  Addis  Ababa,  Bishoftu  and 
Adama  are  42,  16,  4,  46,  2  and  39,  respectively. 
According  to  the  small-scale  edible  oil  processing 
plant  owners  at  Kuyu  District  (North  Shewa  zone), 
depending  upon  the  efficiency,  an  oil  processing  plant 
can  process  up  to  4  quintals  of  noug  seed  and  produce 
96-100  L  of  oil  and  2  quintals  of  NSC  per  day. 
However,  one  should  note  that  it  was  not  easy  to  get 
and/or  estimate  information  on  the  amount  of  oilseed 
cakes  produced  and  the  level  of  production 
performance  of  their  plant  by  most  privately  owned 
small-scale  oil  processing  plants  located  in  various 
parts  of  the  country,  presumably  for  concerns  related 
with  taxes. 

Molasses  is  mainly  produced  by  the  state  sugar 
factories  namely  Wonji-Shewa,  Metehara  and  Finchaa 
sugar  factories  (Table  3).  It  is  the  cheap  source  of 
soluble  carbohydrate  for  livestock,  and  is  highly 
palatable  and  used  for  flavor  and  control  of  dust  in 
ration.  However,  because  of  the  competing  alternative 
use  (ethanol  production),  increasing  trend  in  export 
market  and  its  bulky  nature  and  difficulty  of  transport, 
the  amount  of  molasses  used  as  animal  feed  is  quite 
insignificant  and  is  not  properly  marketed  in  the 
country.  Currently,  the  molasses  produced  from 
Finchaa  Sugar  Factory  is  used  for  ethanol  production 
[6]. 

Spent  brewery  grain  is  produced  from  Meta,  St. 


Goerge,  Bedele,  Harar  and  Dashen  brewery  factories. 
It  is  an  excellent  source  of  protein  and  a  good  source 
of  energy,  and  is  highly  palatable  and  can  be  used  in  a 
variety  of  rations.  In  2006/07,  annual  production  of  St. 
George  brewery,  Bedele  brewery  and  Harar  brewery 
were  1,200  MT,  88,000  HL  and  53,365  MT  spent 
grain,  respectively.  In  the  same  year,  Bedele  brewery 
also  produced  20,000  HL  brewer's  yeast  in  addition  to 
spent  grain  while  Awash  Winery  produced  1 00  MT  of 
by-product  [6].  Breweries  offer  this  by-product  only 
in  the  wet  form  (70%-80%  moisture),  therefore 
transportation  costs  are  high.  Unless  stored  in  trench 
or  bunker  silos,  the  shelf  life  of  brewer's  grain  is 
limited  to  3-4  d,  depending  on  the  environmental 
temperature.  The  storage  and  cost  of  handling  usually 
also  limit  the  use  of  brewer's  rain.  Consequently, 
some  breweries  like  Meta  Abo  Brewery  Share 
Company  (MABSC)  sell  spent  grain  as  by-product 
only  around  their  production  areas  (Table  4). 

The  majority  of  food  industry  surveyed  did  not 
have  a  strategic  plan  to  handle  their  by-products  that 
can  be  utilized  for  animal  production.  Among  the 
by-products  that  are  not  properly  marketed  and  can  be 
used  for  ruminant  production  are:  brewers  grains, 
brewers  yeast,  tomato  pomace,  grape  pomace, 
sugarcane  tops,  bagasse,  pasta  waste,  wheat  short  and 
wheat  screenings.  The  use  of  molasses  is  also  very 
limited  due  to  supply  shortage  mainly  associated  with 
domestic  marketing  problem  and  this  problem  becomes 
more  serious  in  distant  places  from  its  production  areas. 
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Table  3    Annual  productions  of  molasses  from  sugar  factories,  during  2003/04-2006/07. 


Name  of  agro-industry 


Type  of  by-product 


Total  Quantity  (MT) 


2003/04 


2004/05 


2005/06 


2006/07 


Metehara 

Wonji-Shewa 

Finch'a 


Molasses 
Molasses 
Molasses 


35,749 
18,754 
NA 


37,727 
18,386 
22,225 


41,343 
17,901 
21,607 


41,455 
17,579 
24,376 


Source:  Ethiopian  Sugar  Development  Agency;  Ref.  [6];  NA:  not  available. 

Table  4    Total  quantity  sold  (in  dry  matter  basis)  of  brewers  spent  grain  from  MABSC,  during  2004/05-2009/10. 


Name  of  agro-industry     Type  of  by-product 


Total  quantity  sold  in  MT 


2004/05 


2005/06 


2006/07 


2008/09 


2009/10 


MABSC 


Spent  grain 


2,138.40 


2,317.70 


2,981.90 


1,923.50 


1,899.70 


Source:  Meta  Abo  Brewery  Share  Company  (MABSC),  Sebeta. 

Dairy  producers  at  Kuyu  District  reported  that  the 
supply  of  AIBP  such  as  wheat  bran,  oilseed  cakes  and 
molasses  are  lower  than  the  demand  at  prevailing 
price,  and  most  of  the  time  they  are  unavailable. 
However,  it  should  be  mentioned  that  in  most  of  the 
potential  peri-urban  and  urban  areas  of  the  country, 
there  is  availability  problem.  The  status  of  feed  supply 
in  the  country  is  at  an  alarming  state  where  the  supply 
shortage  problem  is  not  limited  to  only  the  shortage  of 
own  produced  feed  or  naturally  available  feed  such  as 
from  grazing  lands,  but  also  the  unavailability  of  feed 
supply  for  those  who  can  afford  to  buy  [10].  This  has 
a  direct  implication  in  the  promotion  of  livestock 
production  especially  in  urban  and  peri-urban  areas 
where  there  is  huge  investment  in  livestock  production 
(dairying,  fattening  and  poultry). 

3.1.1.3  Compound  Feeds  (Formulated  Rations) 
Among  the  1 5  feed  mixers  and  millers  found  in  the 
country  [4],  eight  of  them  are  found  along  the  Addis 
Ababa  Adama  corridor  engaged  in  compound  feed 
production  using  purchased  grains,  AIBP  and 
imported  vitamins  and  minerals.  Usually,  these 
enterprises  secure  the  purchase  of  inputs  through 
participation  in  auctions  of  flour  mills.  They  sell  the 
compound  feeds  directly  to  users;  no  traders  are 
involved  in  the  sell  of  compound  feeds.  The  current 
market  channels  for  compound  feeds  are  characterized 
by  (1)  the  direct  sale  to  individual  purchasers 
(livestock  owners  including  equines),  who  normally 


buy  small  quantities  ranging  from  1  to  5  quintals  per 
purchase;  (2)  participation  in  auctions  to  deliver  to 
intensive  private  as  well  as  government  livestock 
farms  and  for  relief  purposes;  (3)  supplying  compound 
feed  based  on  orders  which  is  commonly  practiced  by 
NGOs  that  promote  livestock  production. 

Most  feed  mills  complain  about  unavailability  and 
price  rise  of  raw  materials  (AIBP),  fluctuation  of  raw 
materials  supply  both  in  quantity  and  quality  and  price 
with  season.  Better  quality  raw  material  is  available  at 
crop  harvest  and  vise-versa.  Recently,  they  are  facing 
a  lack  of  raw  material  such  as  soybean  in  the  local 
market  used  to  formulate  poultry  ration.  Former 
private  big  clients  of  some  of  these  feed  mills  decided 
to  run  their  own  feed  mixing  operations,  competing  in 
the  procurement  of  raw  materials.  Experts'  estimates 
suggest  that  only  about  25%  of  the  AIBP  are 
converted  into  compound  feeds  that  are  formulated  to 
give  the  required  nutritional  composition  for  the 
different  types  of  animals  and  the  rest  75%  is  used 
directly  to  feed  animals.  Consequently,  most  of  the 
exiting  feed  processing  enterprises  are  operating  under 
capacity  estimated  at  about  20%-30%.  Moreover,  they 
are  not  technically  updated.  Equipment  used  is  old  and 
rudimentary.  Lack  of  skilled  man  power,  modern 
facilities  and  technology  also  has  an  impact  on  the 
efficiency  on  the  enterprises.  Feed  millers  are  not 
regulated  in  terms  of  feed  tag  quality  or  compliance. 
They  can  mix  anything  and  do  not  have  to  include  a 
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tag.  Feed  millers  and  mixers  do  not  have  advanced 
technology  for  storage,  grinding,  mixing,  mix 
formulation  or  quality  control  laboratories.  Lack  of 
premium  price  for  quality  products  due  to  lack  of 
quality  standards  is  also  limiting  their  supply.  The  use 
of  food-by-products  by  feed  millers  is  limited  to  the 
most  traditional  by-products  such  as  wheat  bran,  CSC 
or  meal  and  NSC  and  a  limited  extent  RSC.  For 
ruminant  diets  they  do  not  include  trace  minerals  or 
vitamin  supplements. 

3.2  Domestic  Livestock  Feed  Demand 

3.2.1  Demand  for  Roughages  (Crop  Residues  and 
Natural  Pasture  Hay) 

In  recent  years,  the  market  for  roughages  is 
booming  due  to  the  continuous  reduction  of  grazing 
area  and  also  expansion  of  commercial  farms  mainly 
in  urban  and  peri-urban  areas.  The  main  roughages 
marketed  are  cereal  straws  and  baled  hay.  The  trade 
for  baled  hay  is  mainly  dominated  by  commercial 
livestock  farms,  which  follow  two  types  of  marketing 
practices:  the  first  is  a  marketing  practice  where 
commercial  livestock  farms  contact  in  pasture  lands, 
harvest  and  bale  and  use  for  their  own  farm  and  sell 
the  surplus  to  other  livestock  farms;  the  second 
practice  is  the  purchase  of  dry  hay  by  commercial 
farms  from  small-scale  farmers  who  produce  hay  on 
small-scale  bases  on  pasture  lands.  There  is  an 
increasing  trend  in  market  for  straws  and  stover, 
particularly  in  areas  adjacent  to  dairy  and  fattening 
programs.  Recently,  baled  crop  residues  such  as  teff 
and  barley/wheat  straw  are  traded  in  some  urban  areas 
(Addis  Ababa  and  Adama).  However,  the  alternate  use 
of  crop  residues  such  as  teff  straw  for  house 
construction  and  teff,  barley  and  wheat  straws  for 
mattress  making  has  made  much  contribution  for  the 
scarcity  of  the  roughages  for  livestock  feed.  Basically 
the  roughage  feed  market  is  informal. 

3.2.2  Demand  for  AIBP 

Oilseed  cakes  are  used  as  a  protein  supplement 
whereas  the  by-products  from  floor  mills  used  as  an 


energy  supplement  to  low  quality  crop  residues  and 
hays.  AIBP  principally  bran,  molasses  and  oil  seed 
cakes  have  greatly  increased  in  value.  They  are 
primarily  used  within  fattening  and  dairying  programs 
[9].  In  general,  the  demand  of  the  AIBP  is  lower 
during  the  wet  season  (July  to  September)  due  to  the 
green  fodder  availability  and  the  low  fattening 
activities  during  the  season.  The  AIBP  are  directly 
marketed  to  user  or  through  traders  who  buy  in  large 
quantities  for  the  purpose  of  retailing  and  making 
available  in  small  quantities  as  animal  feed.  The 
customers  are  mainly  small-scale  dairy  and  fattening 
farms  in  urban  and  peri-urban  areas  as  well  as  urban 
equine  owners  (horse  cart  and  donkey  owners),  where 
the  agro-industries  are  found.  For  instance,  dairy 
producers  in  urban  areas  of  the  southern  part  of  the 
country  (Hawassa,  Yirgalem  and  Dilla)  use  mainly 
purchased  roughage  and  AIBP  along  with 
non-conventional  feeds  like  "attella"  and  also  hay 
stacking  especially  during  dry  period  [11].  However, 
the  marketing  of  brewery  by-products  both  from 
commercial  breweries  (brewery  grain)  and  home 
making  breweries  (Telia  Atella)  and  liquor  (Areke 
Atella)  is  limited  only  around  the  production  areas  due 
to  the  transport  problem  associated  with  the  bulky 
nature  of  these  by-products. 

3.2.3  Demand  for  Compound  Feeds 

The  markets  for  the  different  compound  feeds  are 
concentrated  along  the  stated  corridor,  where  the  feed 
processing  enterprises  and  intensive  and 
semi-intensive  livestock  farms  (dairy,  cattle  fattening, 
poultry  and  pig)  are  found.  Feed  millers  complain  that 
private  livestock  producers  do  not  use  their  products 
for  the  following  reasons:  high  price  per  quintal,  lack 
of  trust  on  their  product  (lack  of  animal  performance), 
lack  of  awareness/knowledge  about  the  existence  of 
complete  manufactured  animal  feeds  and  the  majority 
of  livestock  producers  in  the  country  are  subsistence 
and  not  market-oriented.  They  stated  that  the  price  rise 
of  compound  feeds  is  associated  with  the  general 
increase  in  food  prices  coupled  with  lack  of  tax 
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exemptions  on  raw  materials  (AIBP)  and  double 
taxation  on  their  products.  Consequently,  most  of  the 
urban  and  peri-urban  livestock  producers  decided  to 
run  their  own  feed  mixing  operations  and  resulted  in 
diminishing  of  compound  feed  market.  However,  they 
do  not  make  efforts  to  create  their  markets  through 
better  services  and  technical  assistance  or  advertising. 
On  the  other  hand,  low  purchasing  power  of  the 
smallholder/subsistence  farmers  due  to  lack  of  market 
oriented  livestock  production  system  resulted  in  a 
great  impact  on  the  potential  market  of  compound 
feeds.  The  total  demand  of  compound  animal  feed  is 
low.  Furthermore,  there  is  low  demand  of  compound 
feeds  during  fasting  time.  As  a  result,  the  current  low 
demand  for  compound  feeds  have  either  gave 
incentive  for  most  of  the  feed  processing  enterprises  to 
practice  vertical  integration,  i.e.,  engagement  in 
modern  livestock  production  (fattening,  dairy,  poultry 
and/or  pig  farming),  or  they  are  forced  to  sale  their 
respective  products  either  with  minimum  profit 
margin  or  sale  a  product  having  inferior  quality  at  low 
price. 

3.3  Export  Demand  of  Livestock  Feeds 

The  export  data  from  the  year  1997-2010  indicates 
that  among  the  exported  livestock  feed  types,  in  terms 
of  volume  and  free  on  board  (FOB)  value,  the  highest 
export  market  share  goes  to  molasses  (63.57%  and 


39.75%)  followed  by  crop  residues/hay  (18.76%  and 
29.59%),  oil  seed  cakes  (12.80%  and  25.05%),  brans 
(4.867%  and  5.59%)  and  compound  feeds  (0.003% 
and  0.015%),  respectively  (Fig.  1).  All  types  of  feed 
are  mostly  exported  to  Djibouti  and  Arabian 
Peninsulas.  Recently  in  2009  and  2010,  a  significant 
amount  of  oil  seed  cakes  mainly  RSC  are  exported  to 
China  followed  by  Sudan,  Vietnam  and  Singapore 
while  brans  are  exported  to  Somalia.  In  all  types  of 
feeds  except  compound  feeds  the  volume  of  export 
market  is  increasing  since  1997.  Even  though  there  is 
export  ban  of  animal  feeds  in  this  country  since  2009, 
there  is  still  an  increasing  trend  in  export  market  of 
oilseed  cakes  (RSC)  followed  by  brans,  crop 
residues/hay  and  molasses  from  January  to  June,  20 1 0 
(Fig.  1). 

AIBP  are  inputs  for  feed  processing  enterprises. 
However,  a  large  volume  of  these  feed  ingredients  are 
being  exported  without  any  value  addition  and 
resulted  in  a  supply  shortage  for  domestic  market.  The 
trend  in  the  FOB  value  (in  Ethiopian  Birr)  of  total 
feed  exported  from  Ethiopia  shows  that  there  is  huge 
increase  in  2004,  2007  and  2010  as  compared  to  the 
previous  years  even  though  there  was  a  fluctuation 
from  year  to  year  since  1997  (Fig.  2). 

3.4  Domestic  Livestock  Feed  Marketing  and  Prices 

The  feed  market  types  and  marketing  practices  are 
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Fig.  2    Trends  in  the  FOB  value  (Birr)  of  total  feed  exported  from  Ethiopia  since  1997-June,  2010. 

Source:  Ethiopia  Custom  Authority  and  Addis  Ababa  Chamber  of  Commerce. 
1USD  =  9.9  Birr. 


different  depending  upon  the  livestock  production 
system  along  with  the  types  of  feed.  Similarly,  the 
markets  for  urban,  peri-urban  and  rural  areas  vary 
considerably.  In  urban  and  peri-urban  areas  where 
there  is  intensive  and  semi-intensive  livestock 
production  in  the  form  of  dairying,  ruminant  fattening, 
poultry  and  pig,  relatively,  there  is  considerable 
market  for  compound  feeds,  AIBP  and  also  for 
roughages  mainly  for  baled  hay  and  straw.  In  rural 
areas  where  there  is  a  mixed  crop-livestock  production 
system,  majority  of  the  livestock  producers  use  feeds 
from  their  own  farms.  For  instance,  about  54%  of 
dairy  producers  in  southern  part  of  the  country  use 
solely  feeds  from  their  own  farms  and  about  24%  use 
both  feed  from  their  own  farms  and  communal  grazing 
[11].  On  the  other  hand,  in  the  pastoral  production 
system,  the  source  of  feed  is  mainly  free  grazing 
without  as  such  market  for  any  type  of  feed. 

3.4.1  Price  and  Price  Trends  of  Roughages  (Crop 
Residues/Hay) 

Following  the  general  price  increase  in  the  economy, 
roughage  prices  have  also  risen  sharply  in  recent  years. 
In  general,  roughage  prices  tend  to  be  higher  during  the 
dry  and  wet  seasons  and  lower  during  harvesting  season. 
Similarly,  there  is  considerable  variability  in  prices 
among  different  areas  in  the  country,  which  is  reflected 
in  the  price  ranges  for  the  different  types  of  straw 


(Table  5).  In  2009/10  the  price  of  teff  straw  ranges  from 
0.8  Birr/kg  to  2.5  Birr/kg,  which  is  mainly  the 
reflection  of  the  multipurpose  use  of  teff  straw  as 
animal  feed  also  as  input  for  construction.  The  price  of 
baled  hay  ranges  from  0.7  Birr/kg  to  2.0  Birr/kg,  which 
is  the  reflection  of  location  variability.  Moreover,  the 
price  of  hay  varies  with  the  quality.  The  higher  the 
quality,  the  better  will  be  its  price. 

3.4.2  Price  and  Price  Trends  of  AIBP 

The  prices  of  the  different  by-products  have  been 
consistently  rising  from  time  to  time.  Though  the 
highest  price  increment  of  the  AIBP  was  observed  in 
2007/08,  the  price  for  NSC  has  increased  from  54 
Birr/quintal  in  2003/04  to  185  Birr/quintals  in 
2009/10.  Similarly,  the  price  of  wheat  bran  has 
increased  from  52  Birr/quintal  in  2003/04  to  140 
Birr/quintal  in  2009/10  (Fig.  3).  The  price  of  all 
AIBP  showed  a  slight  decrease  in  price  during 
2008/09  due  to  the  government  intervention  in 
importing  wheat  grain  and  exemption  of  tax  in 
consumable  products.  However,  the  price  of  AIBP  is 
still  rising  in  2009/10.  The  increasing  price  trend  is 
associated  with  the  overall  price  increase  in 
agricultural  products  and  also  increased  demand  for 
these  by-products  following  the  expansion  of 
commercial  livestock  farming  mainly  in  urban  and 
peri-urban  areas. 


Livestock  Feed  Marketing  in  Ethiopia:  Challenges  and  Opportunities  for  Livestock  Development 


163 


Table  5    Price  ranges  for  different  roughage  feeds  in  2008  and  2009/10. 


Feed  type 

Price  range  (sBirr/kg),  2008* 

Price  range  (sBirr/kg),  2009/10* 

Teff  (Eragrostis  tef)  straw 

0.50-1.70 

0.8-2.5 

Barley/wheat  straw 

0.25-1.00 

0.4-1.2 

Sorghum  stover 

0.20-0.65 

Loose  natural  pasture  hay 

0.30-1.00 

0.5-1.4 

Baled  natural  pasture  hay 

0.50-1.66 

0.7-2.0 

Green  oat  (Avena  sativa)  fodder  (N.  Shewa)  0.50-0.80 

0.8-1.40 

-5T 

Source:  *Ref.  [4];  field  survey  result  in  towns  (open  and  farm  gate  markets). 
1USD  =  9.9  Birr. 
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Fig.  3    Trends  in  the  prices  of  AIBP  (Birr/quintal)  during  2003/04  to  2009/10. 

Source:  Addis-Mojo  Edible  Oil  Complex  Share  Company  (AMEOSC),  Nazareth  Edible  Oil  Factory,  Ethiopian  Feed  Industry 
Association,  Ethiopian  Sugar  Development  Agency  (Addis  Ababa)  and  Farmers. 
1USD  =  9.9  Birr. 


Among  the  oil  seed  cakes,  LSC  is  the  most 
expensive  followed  by  CSC  and  in  contrary  RSC  is 
the  cheapest  of  all;  this  is  due  to  its  less  demand  as  a 
result  of  its  high  anti-nutritional  (glucosinolates 
(GSLs))  contents.  The  use  of  RSC/meal  within 
compound  feeds  is  also  usually  restricted  by  the 
presence  of  these  endogenous  anti-nutritional  factors 
or  anti-nutrients. 

GSLs  are  known  for  a  long  time  to  reduce  the 
intake,  induce  iodine  deficiency,  hypertrophy  of  liver, 
kidney  and  thyroid  and  at  higher  levels  mortality. 
Deleterious  effects  of  GLSs  are  greater  in 
non-ruminant  animals  compared  to  ruminants  [12].  In 
2009/10  the  price  record  of  AMEOSC  indicates  that 
expeller  extracted  CSC  is  more  expensive  (265 


Birr/quintal)  compared  to  the  price  of  solvent 
extracted  CSC  (215  Birr/quintal).  Moreover,  in 
2007/08  expeller  extracted  RSC  is  also  expensive  (160 
Birr/quintal)  than  the  price  of  solvent  extracted  RSC 
(35  Birr/quintal)  which  is  in  agreement  with  Ref.  [12] 
indicated  that  oil  extraction  process  affects  the  total 
GSL  (umol/g)  content  of  the  meals  because  of  varying 
oil  extraction  conditions.  Solvent-extracted  meals 
contain  higher  amount  of  GLS  than  that  in  dehulled 
extracted  meals.  Expeller  extracted  rape  seed  meal 
contains  less  GLS  content  than  in  solvent  extracted 
meal. 

Along  with  other  by-products,  the  price  of  molasses 
is  also  increasing  from  time  to  time.  The  factory  price 
of  molasses  has  increased  from  4.56  Birr/quintal  in 
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2003/04  to  54.05  Birr/quintal  in  2009/10.  However, 
the  trend  for  molasses  is  a  bit  different  from  the  rest  of 
AIBP  in  that  it  did  not  show  a  decrease  in  price  during 
2008/09.  This  may  imply  that  molasses  price  is 
triggered  by  some  other  factors  rather  than  the  general 
food  price  increase  in  the  country.  As  indicated  in  Fig. 
1 ,  molasses  is  one  of  the  highly  exported  animal  feeds 
during  2007  and  2008.  Taking  the  use  of  molasses  as  a 
feedstock  for  production  of  bio-fuel  into  consideration, 
the  demand  is  expected  to  increase  and  will  result 
even  in  more  price  increase.  However,  the  factory  gate 
price  (in  dry  matter  basis)  of  spent  grain  at  Meta  Abo 
Brewery  Share  Company  remains  the  same  (5.6 
Birr/quintal)  for  the  year  2004/05  to  2006/07  with  a 
slight  increase  (6.4  Birr/quintal)  in  2008/09  and 
2009/10;  this  might  be  due  to  its  limited  utilization 
only  around  production  areas  associated  with  its  bulky 
nature,  high  transportation  cost  and  limited  shelf  life. 

The  average  (2004/05  to  2009/10)  monthly  price  of 
wheat  bran  has  shown  seasonality  in  a  year  where  the 
price  increases  in  the  months  from  March  to  June  as 
compared  to  other  months  (Fig.  4).  This  trend  is 
mainly  due  to  higher  demand  in  the  early  months  of 
the  rainy  season. 

3.4.3  Price  and  Price  Trends  of  Compound  Feeds 
(Formulated  Rations) 

The  trend  in  the  prices  shows  that  there  is  huge 
increase  in  2007/08  as  compared  to  the  previous  years 
even  though  there  was  a  gradual  increase  from  year  to 


year  since  2003/04  (Fig.  5)  due  to  the  increasingly 
supply  shortage  and  price  hike  of  the  inputs  such  as 
AIBP. 

Price  set  of  compound  feeds  is  determined  by  cost 
of  production  plus  profit  and  value  added  tax.  The 
seven  years  (2003/04  to  2009/10)  average  price  data 
show  that  poultry  rations  (starter  ration  followed  by 
layers  and  growers  ration)  have  the  highest 
price/quintal  followed  by  dairy,  calves,  sheep,  heifers, 
beef  and  bull  ration  (Fig.  6).  This  is  due  the  difference 
in  input  price  of  the  ingredients  used  for  formulation 
of  ration.  Vitamin  premix  and  lysine  are  imported 
ingredients  used  for  poultry  ration  and  this  makes 
poultry  ration  expensive  compared  to  other  livestock 
ration. 

In  general,  prices  of  most  feed  types  are  increasing 
over  time.  The  reasons  of  such  price  change  are 
related  to  changes  in  domestic  and  demand,  domestic 
supply  shortage  and  policy  related  issues. 

3.4.4  Effects  of  Feed  Price  Rise 

Due  to  the  continuous  rise  in  feed  prices  relative  to 
the  price  of  milk  and  milk  products,  most  of  urban  and 
per-urban  dairy  farmers  have  either  obliged  to  destock 
their  dairy  cows  or  decided  to  maintain  their  animals 
by  underfeeding  for  some  period  of  time  which 
resulted  in  a  sharp  reduction  in  animal  productivity 
and  would  affect  the  lifetime  productivity  of  dairy 
cows.  Moreover,  most  of  the  feed  processing 
industries  were  operating  far  below  their  potential 
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Fig.  4    Seasonality  of  wheat  bran  price  (factory  gate)  at  Addis  Ababa  during  2004/05  to  2009/10. 

Source:  DH-GEDA  Floor  Factory,  Addis  Ababa. 
1USD  =  9.9  Birr. 
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Fig.  5    Trends  in  prices  of  compound  feeds  for  different  classes  and  types  of  livestock  (2003/04-2009/10). 

Source:  Kaliti  Feed  Processing  Enterprise  and  Ethiopian  Feed  Industry  Association. 
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Fig.  6    Average  prices  of  compound  feeds  for  different  classes  and  types  of  livestock  from  the  year  2003/04  to  2009/10. 

Source:  Kaliti  Feed  Processing  Enterprise  and  Ethiopian  Feed  Industry  Association. 
1USD  =  9.9  Birr. 


which  might  lead  them  on  the  verge  of  collapse  due  to 
the  continuous  input  price  rise  coupled  with 
unavailability  of  raw  materials  at  prevailing  price  and 
low  demand  for  compound  feeds.  This  has  to  be 
reversed  in  order  to  make  these  industries  inline  with 
the  current  government  development  and 
transformation  plan. 

3.5  Feed  Quality  Issues 

The  feed  quality  issue  is  related  with  fulfillment  of 
the  nutritional  requirements  of  the  livestock  under 


consideration  with  minimum  possible  cost.  Therefore, 
the  quality  of  feed  considers  the  nutrient  requirement 
of  the  livestock  under  consideration  and  the  nutritive 
value  of  feed  ingredients  available.  Determination  of 
these  parameters  avoids  under  or  overfeeding  of 
nutrients.  Underfeeding  can  cause  impaired 
performance  of  animals  whereas  over  feeding  would 
increase  feed  cost.  Cognizant  of  the  need  to  ensure 
feed  quality,  different  manuals  were  prepared  for 
practitioners  [13-15]. 

Even  though,  the  market  for  the  different  feed  type 
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is  increasing  from  time  to  time,  there  is  not  any  feed 
quality  control  and  assurance  mechanism  in  Ethiopia 
[6].  Most  of  the  dairy,  fattening  and  poultry  farms  use 
their  own  feed  formulation  due  to  the  limited  number 
of  feed  processing  companies,  lacking  of  awareness 
and  the  increasing  trend  in  prices  of  compound  feeds. 
Moreover,  some  livestock  farms  that  buy  compound 
feed  complain  about  the  quality  mainly  related  with 
the  poor  nutritional  composition.  This  has  created 
mistrust  among  actors  in  the  industry  further  thinning 
the  compound  feed  market,  which  needs  to  be 
addressed  through  implementation  of  vibrant  public 
quality  and  standard  enforcement  mechanism. 

3.6  Government  Policy  Issues 

The  ineffectiveness  of  the  export  ban  and  excessive 
value  added  tax  are  the  two  most  important  policy 
issues  that  trigger  the  persistence  of  high  animal  feed 
prices.  Following  the  increasing  trend  in  feed  prices 
over  the  years,  recently  Ethiopian  feed  industry 
association  was  established  with  the  objective  to  solve 
the  problem  associated  with  markets  for  compound 
feeds.  Moreover,  the  association  requested  the 
government  to  intervene  on  the  increasing  trend  of 
feed  export  market  especially  on  non-value  added  feed 
types  such  as  AIBP  and  crop  residues/hay  and  on  the 
taxation.  Consequently,  the  government  has  banned 
feed  export  market.  However,  our  study  indicates  that 
still  there  is  feed  export  market.  This  might  be 
associated  with  lack  of  equal  play  field  in  the  export 
market,  transparency  and  awareness  among  all  the 
stakeholders  who  are  implementing  the  policy. 
Moreover,  we  have  observed  that  while  value  added 
tax  is  exempted  for  most  food  crops,  AIBP  (inputs  for 
feed  processing  enterprises)  were  not  exempted  and 
consequently  there  is  also  double  taxation  in 
formulated  (compound)  feeds.  So  long  as  the 
objective  of  tax  exemption  is  to  reduce  the  consumers 
food  cost,  animal  feed  would  have  been  exempted 
since  feed  cost  usually  accounts  for  60%-70%  of  the 
total  livestock  production  costs.  Such  double  taxation 


coupled  with  unregulated  export  market  of  AIBP  has 
inflated  compound  feed  prices  in  an  unprecedented 
rate. 

4.  Conclusions 

The  market  transactions  for  roughages,  AIBP  and 
compound  feeds  is  showing  increasing  trend,  even 
though  its  size  is  still  small  considering  the  livestock 
population  the  country.  Crop  residues  such  as  teff 
straw,  barley  and  wheat  straw  and  natural  pasture  hay 
are  the  most  marketable  roughage  feed  in  the  study 
area  and  used  as  a  basal  diet  for  livestock.  Natural 
pasture  areas  are  declining  overtime  due  to  the 
expansion  of  crop  cultivation  and  urbanization.  Crop 
residues  and  natural  pasture  hay  are  also  exported  to 
Djibouti  and  Arabian  Peninsula.  Hence,  in  most  of  the 
study  areas  there  is  an  acute  shortage  of  natural 
pasture  hay  supply  in  domestic  market  at  prevailing 
prices. 

The  most  commonly  marketed  AIBP  in  the  study 
area  are  noug,  linseed,  cotton  seed  cakes,  wheat  bran 
and  to  limited  extent  molasses  and  RSC.  The  export 
market  of  AIPB  has  made  a  contribution  for  the 
shortage  of  AIBP  and  increased  their  prices  in  the 
domestic  market.  The  AIBP  which  are  used  as  raw 
material  for  compound  feeds  are  not  tax  exempted  and 
there  is  also  double  taxation  in  the 
formulated/compound  ration.  As  a  result,  prices  of 
compound  feeds  are  also  rising  sharply. 

In  general,  commercial  feed  supply  is  emerging  in 
urban  and  peri-urban  parts  of  the  study  areas.  The  use 
of  feed  from  commercial  sources  is,  however,  very 
limited  due  to  shortage  of  feed  supply  and  inefficient 
marketing  system  and  this  problem  become  more 
serious  in  rural  areas.  In  most  of  the  potential 
peri-urban  and  urban  areas  of  the  country  there  is  feed 
availability  problem.  Moreover,  there  is  a  variety  of 
by-products  that  are  available  for  livestock  feeding, 
but  not  all  properly  marketed  and  utilized.  This  may 
be  due,  in  part,  to  ignorance  about  availability  and/or 
suitability  for  use  in  animal  nutrition.  Therefore,  there 
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is  an  opportunity  to  use  these  by-products  in  a  national 
way  in  order  to  increase  profitability,  and  improve 
animal  nutrition  and  performance.  Hence,  there  is  a 
need  for  interventions  to  develop  feed  markets  in 
Ethiopia.  Based  upon  this,  we  draw  the  following 
implications. 

In  order  to  promote  livestock  production,  the  feed 
production  and  marketing  aspect  need  to  get  due 
attention.  Interventions  to  increase  the  feed  supply, 
improving  ration  formulations  both  in  the  nutritional 
and  economic  area  and  developing  feeding  strategy 
based  on  locally  available  feed  resources  are  urgently 
needed  which  could  vary  depending  on  the  resource 
base  of  a  particular  intervention  area.  Moreover,  ways 
should  be  devised  for  the  better  conservation, 
utilization  and  marketing  of  underutilized  alternative 
(non-conventional)  feed  resources  produced  as 
by-products  from  cannery,  vegetable,  fruit  wastes, 
tomato  pomace  and  grape  wastes,  sugarcane  tops  and 
bagasse  from  sugar  factories,  brewers  grains  and 
brewers  yeasts  from  brewery  factories  etc.. 

Livestock  production  in  Ethiopia  should  be 
commercialized  (market-oriented)  and  feed  marketing 
aspects  have  to  receive  at  most  focus  and  attention.  In 
order  to  achieve  commercialized  livestock  production 
system,  an  enabling  environment  including  strategic 
policy  in  livestock  feed  marketing  is  the  most 
important  aspect  that  needs  to  be  addressed  and 
implemented  in  a  value-chain  approach.  On  the  other 
hand,  unless  there  is  a  wider  investment  in  the  sector 
mainly  in  modern/commercialized  livestock  farming 
(dairy,  fattening,  poultry  etc.),  the  demand  for 
compound  feed  will  remain  low.  Thus,  it  is  important 
that  there  is  a  planned  promotion  of  modern  livestock 
farming  where  the  existing  resources  mainly  the  feed 
resource  are  utilized  efficiently.  On  top  of  this,  there  is 
also  an  opportunity  for  private  sectors  to  enter  into  the 
feed  mill  industry  if  the  market  can  be  created  and 
expanded.  Hence,  it  is  also  important  to  promote  the 
private  sectors  to  enter  into  the  feed  mill  industry  so 
as  to  supply  affordable  feeds  for  modern  livestock 


farming  as  well  as  to  the  smallholder 
semi-commercialized  livestock  keepers.  Therefore,  (1) 
the  public  support  in  terms  of  agricultural  extension, 
credit  and  infrastructures  needs  to  be  strengthened  to 
support  the  sector  mainly  in  urban  and  peri-urban 
areas  in  order  to  well  link  the  feed  sector  with  modern 
livestock  production;  (2)  in  order  to  increase  demand 
for  compound  feeds  for  improved  efficiency  of  the 
existing  feed  processing  industries,  different 
marketing  strategies  should  be  promoted  like  mini 
package  of  compound  feeds,  demonstration  of  the  use 
of  compound  feeds  to  users,  awareness  creation 
through  advertisement  and  training  of  livestock 
producers,  and  implementation  of  vibrant  public 
quality  and  standard  enforcement  mechanism,  linking 
cooperatives  with  feed  supply,  etc.;  (3)  investment 
promotion  in  animal  feeds  need  to  be  promoted  for 
increased  competition  in  the  feed  markets;  (4)  there 
should  be  strict  ban  of  export  market  on  non-value 
added  feed  ingredients  while  up-grading  the  capacity 
of  feed  processing  industries  to  compete  in  domestic 
as  well  as  in  international  markets;  (5)  improving  the 
transparency  of  market  operations  including 
government  policies  by  providing  equal  access  to  all 
participants;  (6)  the  cost  items  related  with  value 
added  tax  indicate  a  need  for  targeted  policy  and 
development  intervention  since  they  have  big  impact 
on  the  competitiveness  of  compound  feeds  in 
domestic  as  well  as  export  market  through  inflated 
domestic  cost  of  production.  Thus,  it  needs  critical 
policy  decision  to  avoid  double  taxation. 

The  quantitative  analysis  of  the  existing  livestock 
feed  market  (Domestic  vs.  Export)  in  a  holistic  system 
approach  warrants  further  research,  because  feed  cost 
is  the  major  factor  that  dictates  the  feasibility  of 
livestock  production  in  Ethiopia. 
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Abstract:  Due  to  the  small  volume  of  goat  semen  ejaculate,  just  a  few  doses  of  goat  semen  were  produced  when  the  sperm 
concentration  is  100  x  106/mL.  The  study  was  aimed  to  determine  the  viability  of  extended  goat  semen  at  refrigerated  condition  at 
5  °C  using  varying  sperm  concentrations  and  evaluated  if  sperm  concentration  lower  than  100  x  106/mL  would  affect  the  motility, 
viability  and  sperm  morphology  at  refrigerated  condition.  Using  an  artificial  vagina,  ejaculated  goat  semen  was  collected  from  goat 
semen  donor  aged  1.5  year.  Physical  evaluation  of  the  collected  semen  showed  an  average  volume  of  0.54  mL,  mean  pH  of  6.8  and  a 
milky  white  color  with  thick  consistency  indicative  of  high  concentration.  Fresh  goat  semen  had  an  initial  average  of  76%  with  an 
average  initial  sperm  concentration  of  128  x  106/mL.  The  semen  was  divided  into  four  treatments:  sperm  concentration  of  100  x 
106/mL,  75  x  106/mL,  50  x  106/mL  and  25  x  106/mL,  and  were  stored  at  5  °C  for  a  period  of  10  d.  The  semen  evaluation  was 
performed  for  each  of  the  four  treatments  every  other  day.  Results  showed  that  the  sperm  concentration  of  spermatozoa  affected  the 
duration  of  storage  based  on  the  sperm  motility  percentage,  viability  and  morphology  of  spermatozoa.  The  extended  goat  semen  with 
sperm  concentration  of  25  and  50  million  sperm/mL  is  optimal  for  storage  within  6  d  that  gave  satisfactory  percentage  motile,  viable 
and  morphologically  normal  spermatozoa. 

Key  words:  Extended  semen,  goat  semen  ejaculate,  motility,  sperm  concentration. 


1.  Introduction 

Goat  is  one  of  the  most  common  and  widespread 
domestic  animals.  Goat  production  has  importance  in 
agriculture  economy  worldwide.  Breeding  programs 
have  been  developed  for  the  genetic  improvement  of 
goats.  One  of  these  programs  is  the  development  of 
artificial  insemination  (AI)  to  develop  high  quality 
genetic  of  sires  [1].  In  addition,  the  ultimate 
productivity  of  the  sire  depends  on  the  number  of 
sperm  production  [2].  AI  may  be  regarded  as  a  first 
generation  advanced  assisted  reproduction  technology 
(ART)  and  it  is  the  one  that  has  made  the  greatest 
contribution  to  genetic  improvement  programs, 
mainly    due    to    well-established    methods  for 
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identifying  males  with  the  highest  genetic  merit.  Three 
techniques  of  insemination  (vaginal,  cervical  and 
intrauterine)  are  used  worldwide  in  goats  [3].  One  of 
the  technologies  developed  in  optimizing  the  viability 
of  animals  semen  was  through  refrigeration.  The  use 
of  refrigerated  semen  has  resulted  in  higher  pregnancy 
rates  when  deposited  at  the  cervix  compared  with 
frozen  semen  [4].  Refrigeration  of  goat  semen  is 
particularly  important  because  of  its  relatively  small 
volume  compared  to  other  livestock  species  such  as 
cattle,  buffalo  and  pigs.  The  semen  volume  ranges 
from  0.5  mL  to  1 .5  mL  with  a  sperm  motility  of  about 
72%-85%  and  a  sperm  concentration  that  ranges  from 
2.5  x  109sperm/mL  to  5.0  x  109sperm/mL  [5].  Unlike 
bulls,  buck  insemination  contains  high  number  of 
spermatozoa  with  a  suitable  semen  extender  for 
preservation  [6].  Buck  ejaculates  are  small  in  volume 
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with  high  concentrations  of  spermatozoa  [7].  Minimal 
number  of  straws  was  produced  when  the  sperm 
concentration  used  was  100  x  106/mL  [8].  Moreover, 
semen  preservation  becomes  a  necessity  when  a  donor 
buck  is  genetically  of  high  quality.  Techniques  for 
dilution  and  frozen  storage  of  goat  semen  are  well 
advanced  but  the  subsequent  fertility  can  be 
unpredictable  [9]. 

Refrigeration  has  been  successfully  done  on  buffalo 
semen  with  high  fertilization  rates.  Improved  motility 
of  spermatozoa  and  increased  preservation  time  are 
achieved  in  other  species  with  chilled  extended  semen, 
but  there  are  no  reports  of  its  availability  in  goats. 
Presently,  goat  semen  refrigeration  has  renewed  the 
interest  among  local  scientists  because  of  the  influx  of 
a  variety  of  introduced  breeds  of  goats.  Under  local 
animal  management  conditions,  it  becomes  necessary 
to  determine  the  ability  of  these  bucks  to  become 
potential  semen  donors  for  AI  using  extended  semen 
in  chilled  conditions.  However,  it  is  essential  that  an 
optimum  semen  concentration  with  a  prolonged 
viability  at  refrigerated  condition  be  established  by 
conducting  basic  research  experimentation.  Once  this 
is  achieved,  the  extended  semen  can  be  used  for  AI  in 
a  group  of  goats  that  variably  exhibit  estrus  for  a 
given  period  even  after  treatment  with  synchronizing 
hormones. 

2.  Objectives 

Generally,  the  study  was  aimed  to  determine  the 
viability  of  extended  goat  semen  stored  at  refrigerated 
condition. 

Specifically,  the  study  determined  the  following 
factors: 

•  Motility  percentage  of  extended  goat  semen  with 
different  sperm  concentrations; 

•  Storage  duration  of  the  chilled  semen  with 
varying  sperm  concentrations; 

•  Number  of  live  and  dead  sperms  cells; 

•  Number  of  normal  and  abnormal  sperms  cells. 
The  scope  and  limitation  of  the  study  is  that  the 

study  focused  mainly  in  determining  the  optimum 


sperm  concentration  of  extended  semen  and  the 
duration  by  which  it  can  be  stored  at  refrigerated 
temperature  with  an  acceptable  number  of  potentially 
viable  spermatozoa  for  use  in  AI. 

3.  Materials  and  Methods 

3.1  Semen  Collection 

One  healthy  Anglo  Nubian  aged  1.5  years  old  was 
used  as  the  semen  donor.  Semen  collection  was  done 
once  a  week  early  in  the  morning.  Before  the  actual 
collection,  the  pubic  region  and  the  prepuce  of  the 
buck  were  cleaned  with  wet  tissue  papers. 

An  artificial  vagina  (AV)  was  filled  with  warm 
water  close  enough  within  the  body  temperature  of  the 
donor  animal  to  simulate  a  warm  environment  once 
the  penile  organ  is  inserted  into  it. 

A  teaser  doe  was  used  to  stimulate  for  the  donor  to 
mount  to  facilitate  semen  collection.  With  the  use  of 
an  AV,  the  ejaculate  was  collected  in  a  sterile  conical 
tube  that  was  inserted  at  the  tapered  end  of  the  AV. 
The  first  squirt  of  the  ejaculate  was  discarded  and  only 
the  first  and  second  ejaculates  were  collected  to  avoid 
contamination. 

3.2  Handling  and  Transport  of  Semen 

During  the  transport  of  semen  sample  the  conical 
tube  was  tucked  inside  the  clothes  of  the  collector  to 
keep  it  warm.  Direct  exposure  to  sunlight  was 
likewise  avoided  to  maintain  the  viability  of  the 
semen. 

3.3  General  Evaluation  of  Semen 

The  semen  sample  was  evaluated  initially  taking  into 
consideration  the  semen  volume,  color,  consistency 
and  pH  which  were  all  properly  recorded. 

3.4  Microscopic  Evaluation  of  Semen 

The  following  parameters  together  with  the  general 
evaluation  of  semen  were  regularly  being  done 
because  the  effectiveness  of  the  results  lies  here. 
Checking  these  parameters  is  a  means  to  discard  the 
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donor  male  that  continuously  produces  poor  quality 
semen. 

3.4.1  Motility  of  Spermatozoa 

Sperm  motility  is  an  indicator  of  the  spermatozoa 
quality.  The  motility  rate  of  the  fresh  semen  samples 
in  this  study  was  found  to  range  between  60%  and 
80%  with  an  average  of  76%.  The  values  obtained 
indicated  a  good  semen  quality  based  on  the  standards 
of  sperm  motility  [10]. 

Progressive  individual  motility  is  one  of  the  major 
criteria  of  semen  quality  [11],  and  is  an  important 
determinant  of  the  success  rate  of  the  fertilization.  In 
this  study,  progressive  individual  motility  was 
consistently  observed  in  the  fresh  semen  samples 
collected. 

The  motility  of  the  semen  was  evaluated  using  the 
wet  mount  technique  with  the  aid  of  an  inverted 
microscope  (Nikon  Eclipse  TxlOi).  The  semen  was 
examined  for  sperm  movement  demonstrated  by  the 
progressive  and  wavy  motion  in  at  least  five 
microscopic  fields.  Microscopic  evaluation  was 
undertaken  at  low  power  (10x)  and  medium  (20x) 
magnification.  The  scoring  system  for  the  evaluation 
of  the  movement  of  sperm  was  done  using  the 
protocol  established  in  Ref.  [10]. 

The  semen  ejaculate  that  passed  the  motility 
evaluation  was  divided  into  four  for  the  following 
treatments:  100  x  106,  75  x  106,  50  x  106  and  25  x  106 
sperm  concentrations. 

3.4.2  Sperm  Concentration 

Sperm  concentration  is  considered  as  an  initial 
indicator  of  semen  quality  for  cryopreservation  [12]. 

Table  1    Scoring  system  for  the  motility  of  sperm  cells  [10]. 


A  positive  interaction  between  sperm  concentration 
and  semen  collection  and  motility  has  been  reported 
[13]. 

A  red  blood  cell  (RBC)  pipette  was  filled  with  semen 
sample  up  to  the  0.5  mark  followed  by  the  diluting  fluid 
up  to  the  101  mark.  The  diluting  fluid  consisted  of  3% 
saline  with  eosin  stain.  The  mixture  in  the  RBC  pipette 
was  mixed  well  after  which  few  drops  were  discarded 
then  semen  mixture  were  dropped  in  the  two  counting 
chambers  of  the  haemocytometer. 

The  number  of  spermatozoa  in  four  corner  squares 
and  the  center  of  the  two  counting  chambers  of  the 
haemocytometer  were  counted  and  got  the  average. 
This  is  the  concentration  of  spermatozoa  per  milliliter 
of  semen  multiplied  by  1  x  10  . 

Volume  of  tris-yolk-glycerol  (TYG)  extender  was 
computed  based  on  the  semen  volume,  sperm 
concentration  and  motility. 
3.4.3  Evaluation  of  Live  and  Dead  Sperms 

The  number  of  live  and  dead  spermatozoa  was 
determined  using  eosin-nigrosin  as  the  staining 
solution.  A  mixture  of  1%  eosin  and  5%  nigrosin  in 
3%  sodium  citrate  as  the  standard  solution  was  used 
to  stain  the  semen  smear.  The  dead  sperms  absorbed 
the  stain  and  appeared  pink/purple  and  those  that 
did  not  absorb  the  stain  are  the  live  sperms.  At  least 
500  spermatozoa  were  counted  in  different 
microscopic  fields. 

The  number  of  live  and  dead  sperms  was  counted 
and  the  percentage  of  live  and  dead  sperm  was 
calculated  over  the  total  number  of  sperms  observed 
multiplied  by  100  [10]. 


Motility  (%)  Grade 


Characteristics 


Excellent 
motility 
Very  good 
motility 

Good  motility 

40-59  Fair  motility 

Less  than  40  Poor  motility 
0  Zero  motility 


91-100 

76-90 

60-75 


90%  or  more  of  the  spermatozoa  is  very  rigorous  in  motion.  Swirls  caused  by  the  movement  of  the 
sperm  are  extremely  rapid  and  constantly  going  forward  progressively. 

Approximately  75%-90%  of  the  spermatozoa  are  in  vigorous  rapid  motion.  Waves  and  eddies  form 
rapidly  but  not  so  rapid  as  in  excellent  motility. 

About  60%-75%  of  the  spermatozoa  are  in  motion.  Motion  is  vigorous  but  waves  and  eddies  formed 
move  slowly  across  the  field  of  vision. 

From  40%-55%  of  the  sperm  is  in  motion.  The  movements  are  largely  vigorous  or  eddies  are  formed. 
Less  than  40%  of  the  sperm  is  in  motion.  The  motion  is  not  progressive  and  mostly  weak. 
No  motility  is  discernable. 
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3.4.4  Sperm  Morphology 

Two  smears  from  each  semen  treatment  were 
prepared  which  were  used  for  live-dead  sperm  ratio  and 
the  percentage  normal- abnormal  spermatozoa.  This 
was  done  by  smear  staining  technique  using 
eosin-nigrosin  stain  (1%  eosin  and  5%  nigrosin  in  3% 
sodium  citrate  solution).  The  shape  of  the  head,  neck 
or  middle  piece  and  the  tail  are  examined.  Sperm  cells 
with  abnormal  morphology  were  counted.  At  least  500 
spermatozoa  were  counted  in  different  microscopic 
fields.  The  percentage  abnormal  sperm  are  calculated 
over  the  total  number  of  sperm  observed  multiply  by 
100  [10]. 

3.4.5  Procedure  for  Computing  the  Final  Volume  of 
Extender  to  Be  Added 

Calculating  the  desired  volume  of  extender  was 
done  using  the  formula  as  follows  [9]: 
Assumption: 

Volume  of  semen  (mL)  =  0.20  mL  volume/tube 

Initial  sperm  concentration  =  144  x  10 

Motility  score  =  70% 

Desired  final  sperm  concentration  =  10  x  107 

Volume  of  extender  =  (volume  of  semen  (mL)  x  % 
motility  x  sperm  concentration/mL)/(10  x  107)  - 
volume  of  semen 

=  0.20  mL  x  0.70  x  144  x  107/(10  x  107)  -  0.20  mL 

=  1.816  mL 

=  1.816  mL  -  0.40  mL  (volume  of  initial  extender) 
(1:2  semen  extender  ratio) 

=1.416  mL  (total  volume  of  extender) 

3.4.6  Semen  Cooling 

After  getting  semen  sample  for  motility  evaluation 
and  sperm  concentration,  1 :2  dilution  (semen:extender) 
was  done.  The  extended  semen  and  the  extender  were 
placed  in  a  stybox  with  ice.  When  the  temperature 
inside  the  styrobox  was  stable  at  10  °C,  addition  of  the 
volume  of  extender  to  be  added  for  each  of  the 
treatment  was  done.  After  the  final  dilution,  each  of  the 
extended  semen  was  carefully  mixed  well  to  ensure  the 
homogeneity  of  the  mixture.  Once  the  temperature  of 
the  extended  semen  dropped  to  about  5  °C,  the 


different  parameters  for  checking  sperm  viability 
(motility,  live-dead  and  normal-abnormal  sperm)  was 
performed  immediately  which  is  recorded  as  Day  0 
observation.  The  procedure  was  repeated  every  other 
day  until  the  10th  day  hereto  referred  to  in  series  as 
Day  2,  4,  6,  8  and  10. 

3.5  Statistical  Analysis 

The  data  collected  were  subjected  to  complete 
randomized  design  in  split  plot  method  with  Duncan's 
multiple  range  test  to  compare  means  at  5%  level  of 
significance. 

4.  Results  and  Discussion 

Table  1  presented  the  scoring  system  for  the 
motility  of  sperm  cells  [10].  The  percentage  motility 
of  the  sperm  cells  collected  and  processed  was 
scored  based  on  the  vigorous,  swirling  movement 
and  the  forward  progressive  movement  of  the 
spermatozoa.  Those  semen  samples  with  90%  or 
more  of  the  characteristic  movements  of  the 
spermatozoa  were  rated  91%- 100%  motility  and 
graded  with  excellent  motility  whereas  those  semen 
samples  with  76%-90%  with  the  said  semen 
characteristic  movements  were  rated  75%-90%  and 
graded  with  very  good  motility.  Good  motility  semen 
samples  were  semen  with  60%-75%  spermatozoa 
which  were  in  motion  although  the  movement  was 
slowly  across  the  field  of  vision.  Those  semen 
samples  with  less  than  40%  of  the  spermatozoa  in 
motion  were  rated  40%,  with  poor  motility  and 
characterized  with  weak  motion  and  therefore  unfit 
for  processing.  There  were  also  semen  samples 
which  were  discarded  after  initial  evaluation  as  there 
was  no  sperm  movement  detected. 

Table  2  showed  the  percentage  motility  of  sperm 
cells  of  extended  goat  semen  with  varying  sperm 
concentrations.  The  motility  rates  did  not  differ 
among  the  four  treatments  after  the  initial  dilution 
and  immediate  cooling  at  5  °C  (Day  0).  After  2  d  of 
refrigeration  there  was  a  decline  in  the  percentage 
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Table  2    Percentage  motility  of  sperm  cells  of  extended  goat  semen  in  different  sperm  concentrations. 


Treatment 

Day  0 

Day  2 

Day  4 

Day  6 

Day  8 

Day  10 

100  x  106 

73.00a 

47.00ab 

34.00bc 

22.00bc 

10.00cd 

2.60d 

75  x  106 

74.00a 

54.00ab 

37.00bc 

28.00bc 

19.00cd 

5.40d 

50  x  106 

70.60a 

64.00a 

57.00a 

48.00" 

19.00b 

12.00b 

25  x  106 

67.20a 

60.00a 

49.00ab 

41.00ab 

31.00bc 

22.60c 

Means  having  the  same  letter  script  within  a  row  (a,  b,  c,  d)  are  not  significantly  different  at  P  <  0.05  probability  level. 


motility  of  the  sperm  for  all  the  treatments  but  was 
noticeably  lowest  at  47%  for  the  100  x  106  sperm 
concentration/mL  followed  by  54%  for  75  x  106 
sperm  concentration/mL.  Treatments  with  50  x  106 
sperm  concentration/mL  and  25  x  106  sperm 
concentration/mL  displayed  a  slightly  higher  mean 
motility  of  64%  and  60%,  respectively,  compared  to 
the  previous  two  aforementioned  treatments  after  48  h 
of  refrigeration. 

By  the  fourth  day  (Day  4)  of  refrigeration  the 
extended  goat  semen  showed  a  sharp  reduction  in  the 
number  of  live  sperm  leaving  behind  34%  and  37% 
motility  rates  for  the  treatments  with  a  100  x  106  sperm 
concentration/mL  and  75  x  106  sperm 
concentration/mL,  respectively.  The  sharp  drop  in  the 
number  of  motile  sperm  can  be  attributed  to  the  small 
volume  of  extender  that  was  added  based  on  the  sperm 
concentration  which  was  set  and  therefore  nutrient 
supply  was  inadequate  for  the  given  population  to 
maintain. 

In  addition,  a  thicker  population  of  sperm  in  the 
solution  with  a  lesser  quantity  of  extender  causes  an 
overcrowded  mixture  of  dead  and  motile  sperm,  the 
situation  of  which  is  quite  different  when  a  lower 
sperm  concentration  is  preferred.  The  volume  of  the 
semen  extender  to  be  added  is  greater  to  have  a  more 
diluted  population  or  less  concentrated  sperm  in  the 
mixture.  In  effect,  the  nutrient  supply  is  greater  for  a 
specific  number  of  sperm  in  the  extended  semen. 

As  for  the  extended  semen  with  50  x  106  sperm 
concentration/mL  and  25  x  106  sperm 
concentration/mL,  the  decrease  in  motility  scores  was 
minimal  by  the  fourth  day  of  chilled  storage  to  about 
57%  and  49%,  respectively,  which  is  exactly  the  same 


as  the  general  statement  of  Nuti  [14]  that  when  semen 
is  extended  and  stored  above  0  °C,  sperm  cell  survival 
is  for  a  few  days  duration. 

Prolonging  the  storage  beyond  the  fourth  day  at 
chilled  temperature  for  the  experimental  treatment 
with  the  highest  (100  x  106  sperm/mL)  and  the  next 
highest  (75  x  106  sperm/mL)  sperm  population 
resulted  to  a  more  pronounced  reduction  in  the 
motility  with  22%  and  28%,  respectively. 

Sperm  concentrations  of  50  x  106  and  25  x  106,  the 
percentage  live  sperm  were  48%  and  41%, 
respectively,  in  the  sixth  day  (Day  6)  of  refrigeration. 
By  the  eighth  day  of  refrigerated  storage  condition,  all 
the  four  treatments  displayed  decreased  sperm  motility 
percentages. 

Overall,  these  findings  indicated  that  extended  goat 
semen  can  be  stored  within  4  d  at  a  concentration  of 
25-50  x  106  sperm/mL  in  the  refrigerator  and  will  give 
acceptable  number  of  motile  spermatozoa.  When 
semen  is  extended  and  stored  above  0  °C,  sperm  cell 
survival  is  of  a  few  days  duration  and  sperm  fertilizing 
ability  cannot  be  preserved  for  more  than  a  few  days. 

Table  3  presented  the  proportion  of  live  sperms  for 
all  the  treatments.  The  viability  rates  did  not  vary  (P  < 
0.05)  between  the  four  treatments  after  the  initial 
dilution  and  immediate  cooling  at  5  °C  (Day  0).  After 
2  d  of  refrigeration  there  was  a  decline  in  the 
percentage  of  live  sperm  cells  for  all  the  treatments 
but  was  noticeably  comparable  at  58.96%  for  100  x 
106  sperm  concentration/mL  and  58.40%  for  75  x  106 
sperm  concentration/mL. 

Treatments  with  50  x  106  sperm  concentration/mL 
and  25  x  106  sperm  concentration/mL  displayed  a 
slightly  higher  percentage  of  live  sperm  cells  of  64.96% 
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Table  3    Percentage  live  sperm  cells  of  extended  goat  semen  in  different  sperm  concentrations. 


Trt 

Day  0 

Day  2 

Day  4 

Day  6 

Day  8 

Day  10 

lOOxlO6 

73.32 a 

58.96 ab 

36.52  bc 

28.76 cd 

17.32 cd 

12.36d 

75xl06 

75.04 a 

58.40 ab 

47.96  bc 

33.08 cd 

24.36  d 

16.24  d 

50x10s 

69.60 a 

64.96" 

60.56 a 

52.48 a 

29.16b 

21.16b 

25x1 06 

68.92 a 

62.00 ab 

58.32 abc 

53.80 abc 

43.40bc 

36.20 c 

Means  having  the  same  letter  script  within  a  row  (a,  b,  c,  d))  are  not  significantly  different  at  P  <  0.05  probability  level. 


and  62%  correspondingly.  By  the  fourth  day  (Day  4) 
of  refrigeration  the  extended  goat  semen  showed  a 
sharp  reduction  in  the  number  of  live  sperm  with 
36.52%  and  47.96%  livability  rates  for  the  treatments 
100  x  106  sperm  concentration/mL  and  75  x  106 
sperm  concentration/mL,  respectively. 

The  results  of  this  study  might  be  attributed  to  the 
effect  of  refrigeration  temperature  of  5  °C  to  the 
spermatozoa  that  lose  its  viability  due  to  the  rapid 
changes  of  the  temperature  that  the  spermatozoa 
undergo  in  what  we  called  cold  shock.  Another  factor 
could  be  the  components  of  the  extender  specifically 
the  egg  yolk  wherein  it  was  observed  that  the 
refrigerated  extended  semen  with  high  sperm 
concentrations  coagulates  upon  longer  duration  of 
storage  period.  The  dilution  of  goat  semen  in 
extenders  containing  egg  yolk  can  be  deleterious  to 
sperm  cells.  This  occurs  because  the  goat  semen  has 
characteristics  that  differentiate  it  from  other  species, 
being  the  most  important  presence  of  phospholipase  A 
secreted  by  the  bulbourethral  glands.  This 
phopholipase  is  also  called  Eyce  (egg  yolk 
coagulating  enzyme)  or  BUSgp60  (bulb  urethral  gland 
secretion;  Ref.  [3])  and  is  responsible  for  the  reduced 
viability  of  sperm  cells  that  have  been  cooled  in 
extenders  containing  egg  yolk  [15].  As  for  the 
extended  semen  with  50  x  106  sperm 
concentration/mL  and  25  x  106  sperm 
concentration/mL,  the  decrease  was  minimal  with  a 
live  sperm  population  to  about  60.56%  and  58.32%, 
respectively. 

Extending  the  storage  for  more  than  four  days  at 
chilled  temperature,  experimental  treatments  with  the 
highest  sperm  concentration  of  100  x  106  sperm/mL 


followed  by  75  x  10  sperm  population/mL  resulted  to 
a  more  evident  reduction  in  the  percentage  number  of 
live  sperm  cells  with  28.76%  and  33.08%, 
respectively. 

As  for  the  treatments  with  a  sperm  population  of  50 
x  106  and  25  x  106,  the  percentage  of  live  sperm  was 
52.48%  and  53.8%,  correspondingly  on  the  sixth  day 
(Day  6)  of  refrigeration.  By  the  8th  day  of  chilled 
extended  semen,  there  was  reduction  of  live  sperm 
with  17.32%  and  24.36%  for  the  treatments  100  x  106 
sperm  concentration/mL  and  75  x  106  sperm 
concentration/mL  respectively,  29.16%  and  43.40% 
for  the  sperm  concentration  of  50  x  106  sperm/mL  and 
25  x  106sperm/mL  respectively.  The  tenth  day  of 
refrigeration  resulted  to  rapid  decline  for  the 
percentage  of  viable  sperm  in  three  treatments  except 
for  25  x  106  sperm/mL  with  36.20%. 

Taken  as  a  whole,  these  findings  indicated  that 
extended  goat  semen  can  be  stored  within  2-4  d  with  a 
concentration  range  of  25-50  x  106  sperm/mL  in  the 
refrigerator  that  gave  acceptable  number  of  live 
spermatozoa. 

There  were  no  significant  differences  (P  <  0.05)  on 
the  proportion  of  normal  sperm  cells  from  all  the 
treatments  in  the  study.  However,  as  the  length  of 
storage  was  continued  and  analyzed  every  two  days, 
there  was  a  reduction  in  the  percentage  of  sperm  that 
were  morphologically  normal  (Table  4).  The 
percentage  of  normal  sperm  in  the  chilled  semen  was 
inversely  proportional  with  the  percentage  of 
abnormal  sperm  that  were  observed  as  the 
refrigeration  period  was  extended. 

Sperm  morphology  has  been  proposed  as  criteria 
for  the  selection  of  fertile  ejaculates  [3].  Semen 
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Table  4    Percentage  normal  sperm  cells  of  extended  goat  semen  in  different  sperm  concentrations. 

TRT                Day  0                  Day  2                  Day  4                  Day  6                  Day  8  Day  10 

100  x  106         73.80a                 67.08ab                64.12b                 61.64bc                55.48cd  50.84d 

75xl06           75.52"                 69.48ab                64.16b                 57.00c                 53.56cd  49.84d 

50xl06           77.80"                 72.24ab                69.44b                 61.44c                 56.84c  45.84d 

25  x  106           72.80"                  69.72"                  65.72"b                 61.20bc                 57.96c  47.84d 

Means  having  the  same  letter  script  within  a  row  (a,  b,  c,  d)  are  not  significantly  different  at  P  <  0.05  probability  level. 


morphology  has  a  limited  positive  predictive  value  for 
field  fertility.  It,  however,  is  important  to  screen-out 
clearly  poor-quality  ejaculates  [16].  Moreover,  semen 
quality  decreases  over  time  so  that  after  about  5  d  of 
storage  at  5  °C,  cooled  semen  features  were  equivalent 
to  those  of  frozen  semen  [17]. 

The  effect  of  refrigeration  in  the  normal 
morphology  of  the  spermatozoa  might  be  based  on  the 
adaptive  mechanism  of  individual  spermatozoa  in 
chilled  condition;  weak  adoption  of  the  spermatozoa 
may  lead  to  increasing  number  of  semen 
abnormalities. 

5.  Conclusions 

Based  on  the  findings  and  observations  on  this 
study,  It  could  be  concluded  that  (1)  extended  goat 
semen  can  be  stored  in  chilled  condition  for  up  to  two 
days  with  concentration  either  50  x  106  sperm/mL  or 
25  x  106  sperm/mL;  (2)  it  was  observed  that  25  x  106 
sperm/mL  and  50  x  106  sperm/mL  concentrations 
appear  to  be  the  optimal  concentrations  since  they 
obtained  the  highest  percentage  motility,  livability  and 
normal  sperm  morphology  for  up  to  four  days;  (3) 
prolonged  storage  of  the  semen  samples  resulted  to  the 
deterioration  of  the  sperm  morphology,  rapid  decline  in 
motility  and  decrease  in  the  viability  of  the 
spermatozoa  in  chilled  condition  which  resulted  in 
increasing  percentage  of  dead  and  abnormal 
spermatozoa. 

The  ability  of  chilled  goat  semen  to  fertilize  an  egg 
by  sperm  penetration  assay  (IVF)  is  recommended  in 
order  to  determine  its  fertilizing  potential. 

AI  in  synchronized  goats  using  extended  semen 
within  2-4  d  could  be  conducted. 


For  better  evaluation,  the  use  of  computer-assisted 
semen  analysis  system  (CASA)  may  be  very  useful 
for  future  investigations. 

Use  other  breeds  of  bucks  for  extended  semen. 
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Abstract:  Transgenic  animal  technology  has  been  one  of  the  fastest  growing  biotechnology  areas.  The  exogenous  genes  have  been 
introduced  into  the  animal  genome  by  genetic  engineering,  so  that  these  genes  can  be  inherited  and  expressed  by  offspring  to  produce 
desired  traits  or  evaluate  function  in  elite  livestock  breeds.  There  are  several  methodologies  for  the  production  of  transgenic  animals, 
i.e.,  (1)  microinjection  of  genes  into  pronuclei  of  fertilized  ova;  (2)  DNA  transfer  by  retroviruses;  (3)  injection  of  embryonic  germ 
(EG)/embryonic  stem  (ES)  cells  previously  treated  with  foreign  DNA;  (4)  DNA  transfer  into  cells  and  embryos  with  using  liposomes; 
(5)  exogenous  DNA  transfer  while  in  vitro  fertilization  by  using  sperm;  (6)  electroporation  of  DNA  into  sperm,  embryos  or  ova;  (7) 
biolistics;  (8)  nuclear  transfer  (NT)  with  somatic  cells,  EG  or  ES  cells;  (9)  germ  line  stem  cell-mediated;  (10)  gene  targeting;  (11) 
gene  silencing  technology  with  RNA  interference;  (12)  induced  pluripotent  stem  cell;  (13)  zinc-finger  nuclease  gene  targeting 
technology.  Gene  farming  is  one  of  the  newest  and  most  promising  areas  in  modern  biotechnology.  Cattle,  goats,  sheep,  pigs  and 
rabbits  are  the  main  farm  livestock  species  and  fish  is  also  used  in  transgenic  technology.  The  question  of  "why  make  transgenic 
animals?"  is  very  important.  Some  of  the  answers  to  this  question  are:  (1)  to  obtain  new  knowledge;  (2)  to  solve  the  genetic  code;  (3) 
to  create  genetic  disease  models;  (4)  to  study  the  genetic  control  of  physiological  systems;  (5)  to  improve  animal  production  traits;  (6) 
to  produce  new  animal  products.  Transgenic  technology  is  one  of  the  main  and  important  tools  in  the  finding  solutions  to  problems  of 
growing  population  with  their  applications  to  different  organisms,  and  takes  more  attention  and  interest  every  day.  Transgenic 
technology  creates  opportunities  and  areas  to  play  with  organisms  to  fulfill  the  demands  of  people.  Because  of  this,  this  paper  based 
on  mainly  transgenic  applications  to  take  people's  attention  and  exhibit  its  importance. 

Key  words:  Biotechnology,  bioreactors,  livestock,  transgenic,  animal,  genetic  engineering. 


1.  Introduction 

Genetic  engineering  is  the  process  of  modifying  an 
organism's  genetic  composition  by  adding  foreign 
genes  to  produce  desired  traits  or  evaluate  function. 
By  introducing  of  "foreign"  deoxyribonucleic  acid 
(DNA)  into  preimplantation  embryos,  transgenic 
animals  are  produced.  The  foreign  DNA  is  merged 
with  the  genetic  material  and  may  be  expressed  in 
tissues  of  the  obtained  result.  This  technique  is  of 
great  importance  to  many  aspects  of  biomedical 
science  including  gene  regulation,  cancer  research,  the 
immune  system,  developmental  biology,  biomedicine, 
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manufacturing  and  agriculture. 

The  production  of  transgenic  animals  is  one  of  a 
number  of  new  and  developing  technologies  that  will 
have  a  profound  impact  on  the  genetic  improvement  of 
livestock.  The  first  transgenic  animals  contained 
foreign  DNA  that  was  passed  on  to  offspring  [1]. 
Transgenic  technology  represents  a  revolutionary  way 
to  produce  elite  livestock  breeds,  allowing  introduction 
of  alien  gene  into  livestock  genome  [2].  Transgenic 
animal  technology  is  one  of  the  fastest  growing 
biotechnology  areas.  It  is  used  to  integrate  exogenous 
genes  into  the  animal  genome  by  genetic  engineering 
technology  so  that  these  genes  can  be  inherited  and 
expressed  by  offspring.  The  transgenic  efficiency  and 
precise  control  of  gene  expression  are  the  key  limiting 
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factors  in  the  production  of  transgenic  animals.  A 
variety  of  transgenic  technologies  are  available.  Each 
has  its  own  advantages  and  disadvantages  [3]. 

Transgenic  animals  have  huge  applications  in  the 
improvement  of  animal  production  quality,  the 
increase  of  production  capacity,  the  studies  related  to 
human  disease  models  and  the  production  of 
biomedical  materials  [3]. 

A  transgenic  or  genetically  modified  organism  is 
one  that  genetically  altered  via  recombinant  DNA 
technology,  which  includes  either  the  joining  of  DNA 
from  different  genomes  or  the  insertion  of  foreign 
DNA  into  a  genome.  Actually,  the  entire 
biotechnology  industry  is  based  on  the  capacity  of 
added  new  genes  to  cells,  plants  and  animals  [4]. 

The  question  of  "why  make  transgenic  animals?"  is 
very  important.  Some  of  the  answers  to  this  question 
are:  (1)  to  obtain  new  knowledge,  (2)  to  solve  the 
genetic  code,  (3)  to  create  genetic  disease  models,  (4) 
to  study  the  genetic  control  of  physiological  systems, 
(5)  to  improve  animal  production  traits  and  (6)  to 
produce  new  animal  products.  The  production  of 
transgenic  organisms  has  been  a  major  technical 
advance  in  the  study  of  biology.  It  is  an  important 
method  in  playing  with  the  genetic  make-up  of  an 
animal  providing  mutation  and  species  crossing 
technology.  Transgenic  animals  have  been  an 
important  tool  in  providing  new  insights  into  the  study 
of  the  mechanisms  of  gene  regulation  and 
developmental  biology  [5].  Other  areas  that  transgenic 
technology  has  also  provided  significant  advantages 
and  exciting  future  possibilities  are:  (1)  the  action  of 
genes  implicated  in  the  development  of  cancer 
mechanisms;  (2)  the  mechanisms  of  regulation  and 
cell  interaction  in  the  immune  system;  (3)  as  models 
for  human  genetic  diseases;  (4)  the  mechanisms  and 
growth  control;  (5)  the  main  mechanisms  of  biology 
and  genetics  [6];  (6)  in  medical  research,  transgenic 
animals  are  used  to  determine  the  functions  of  specific 
factors  within  the  homeostatic  systems  via  over-  or 
under-expression  of  a  modified  gene  (the  inserted 


transgene);  (7)  in  toxicology,  as  sensitive  test  animals 
(detection  of  toxicants);  (8)  in  mammalian 
developmental  genetics;  (9)  in  molecular  biology, 
determination  of  the  regulation  of  gene  expression 
which  help  us  in  the  evaluation  of  a  specific  genetic 
change  at  the  level  of  the  whole  animal;  (10)  in  the 
pharmaceutical  industry,  aimed  production  of 
pharmaceutical  proteins,  drug  production  and 
productivity  testing;  (11)  in  biotechnology,  producing 
of  specific  proteins  to  increase  milk  yield  producing  of 
genetically  engineered  hormones  and  meat  production; 
(12)  efficient  modification  of  animal  physiology 
and/or  anatomy;  (13)  in  cloning,  to  reproduce  specific 
blood  lines;  and  (14)  developing  of  special  animals  to 
use  in  xenografting  [7]. 

2.  Materials  and  Methods 

Mainly  three  methods  were  used  for  the  creation  of 
transgenic  animals  as  follows: 

(1)  DNA  microinjection.  It  is  based  on  the  direct 
microinjection  of  a  targeted  gene  construct  (a  single 
gene  or  a  combination  of  genes)  from  another  member 
of  the  same  species  or  from  a  different  species,  into 
the  pronucleus  of  a  fertilized  ovum.  The  main 
advantage  of  this  method  is  their  application  to  a  wide 
variety  of  species. 

(2)  Embryonic  stem  cell-mediated  gene  transfer 
method.  It  involves  primarily  introducing  of  the 
desired  DNA  sequence  by  homologous  recombination 
into  an  in  vitro  culture  of  embryonic  stem  (ES)  cells. 
The  offspring  animals  are  called  chimeric  animal.  ES 
cell-mediated  gene  transfer  method  can  be  adapted  to 
gene  inactivation,  with  so-called  knock-out  method. 
This  technique  has  a  particular  importance  for  the 
study  of  the  genetic  control  of  developmental 
processes.  It  is  possible  to  detect  precisely  mutations 
in  the  gene  via  homologous  recombination. 

(3)  Retrovirus-mediated  gene  transfer  method.  It  is 
based  on  the  gene  transfer  with  the  help  of  the  carrier 
or  vector,  generally  a  virus  or  a  plasmid.  Generally, 
retroviruses  are  used  as  vectors  to  transfer  genetic 
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material  into  the  cell,  with  its  ability  to  infect  host 
cells  aiming  higher  expression  probability.  The 
offsprings  are  chimeric  as  well  [7]. 

Animal  transgenic  technologies  include  gene 
targeting  to  improve  accuracy,  the  germ  line  stem 
cell-mediated  method  to  improve  efficiency, 
zinc-finger  nuclease  gene  targeting  technology,  RNA 
interference-mediated  gene  silencing  technology  and 
induced  pluripotent  stem  cell  technology  [1].  Gene 
farming  is  one  of  the  most  promising  areas  in  modern 
biotechnology.  The  use  of  live  bioreactors  for  the 
expression  of  human  genes  in  the  lactating  mammary 
gland  of  transgenic  animals  seems  to  be  an  important 
method  for  the  production  of  valuable  recombinant 
therapeutic  proteins.  Also,  it  is  possible  to  evaluate 
known  growth  factors  and  their  receptors  and 
modulators  using  transgenic  technology.  Transgenic 
farm  animal  production  has  found  broad  acceptance  in 
biomedical  applications.  Cattle,  goats,  sheep,  fish, 
pigs  and  rabbits  are  the  main  farm  livestock  species 
that  are  used  in  transgenic  technology,  with  aiming 
expression  of  tens  to  hundreds  of  grams  of 
genetically-engineered  proteins  or  xenogeneic 
biopreparations  in  their  milk  [2].  With  the  research 
and  development  of  genetically  engineered  animals 
(GEAs)  in  breeding  of  new  variety, 
xenotransplantation,  bioreactor  and  disease  model, 
biosafety  issues  of  GEAs  have  attracted  widespread 
attentions  worldwide.  To  regulate  research  and 
application  of  GEAs  or  similar  products,  governments 
and  agencies  have  established  related  laws  and 
regulations  [8]. 

Lentivector  technologies  now  have  widespread  use 
in  basic  biology  and  translational  studies  including 
transgene  overexpression,  persistent  gene  silencing,  in 
vivo  imaging,  immunization,  generating  transgenic 
animals,  stem  cell  modification,  induction  of 
pluripotent  cells  and  lineage  tracking  or  site-directed 
gene  editing.  Moreover,  in  the  present 
high-throughput  "-omics"  era,  the  availability  of 
lentiviral  vectors,  which  are  engineered  to  express  or 


silence  genome -wide  genes,  accelerates  the  rapid 
expansion  of  this  vector  technology  [9]. 

Lentiviral  vectors  introduce  several  attractive 
features  as  gene-delivery  vehicles,  including:  (1) 
regular  gene  delivery  via  stable  vector  integration  into 
host  genome;  (2)  the  characteristics  of  infecting  both 
dividing  and  non-dividing  cells;  (3)  broad  tissue 
expansion,  including  important  gene-  and 
cell -therapy-target  cell  types;  (4)  unexpressed  viral 
proteins  after  vector  transduction;  (5)  delivering 
ability  of  complex  genetic  elements,  such  as 
polycistronic  or  intron-containing  sequences;  (6) 
providing  safer  integration  into  right  places;  (7)  a 
much  easier  system  for  vector  manipulation  and 
production  [10].  There  are  several  methodologies  for 
the  production  of  transgenic  animals,  such  as  (1) 
microinjection  of  genes  into  pronuclei  of  fertilized  ova; 
(2)  DNA  transfer  by  retroviruses;  (3)  injection  of 
embryonic  germ  (EG)/ES  cells  previously  treated  with 
foreign  DNA;  (4)  DNA  transfer  into  cells  and 
embryos  with  using  liposomes;  (5)  exogenous  DNA 
transfer  while  in  vitro  fertilization  by  using  sperm;  (6) 
electroporation  of  DNA  into  sperm,  embryos  or  ova; 
(7)  biolistics;  (8)  nuclear  transfer  (NT)  with  somatic 
cells,  EG  or  ES  cells;  (9)  the  germ  line  stem 
cell-mediated  method;  (10)  gene  targeting;  (11)  gene 
silencing  technology  with  RNA  interference;  (12) 
induced  pluripotent  stem  cell;  (13)  zinc-finger 
nuclease  gene  targeting  [6]. 

"Translational  Medicine"  in  a  human  health 
research  became  a  top  priority.  Suitable  animal 
models  in  the  evaluation  of  utility  and  safety  of  new 
drugs  or  therapeutic  structure  are  important  for  the 
success  of  translational  research.  In  this  sense,  rodent 
models  are  generally  used  for  suitable  to  genetic  and 
environmental  standardization,  providing  answers  to 
specific  scientific  problems  with  a  broad  spectrum  and 
their  acceptance  by  the  regulatory  authorities.  But 
creating  and  using  transgenic  pigs  get  more  attention 
recently  as  an  alternate  to  the  rodents,  because  of  their 
similarities  with  human  in  anatomy,  physiology, 
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metabolism  and  pathology.  Also  pigs  as  large  animal 
models  can  be  preferred  in  transgenic  studies,  because 
of  their  reproductive  talent,  a  short  generation  interval 
period,  multiple  offspring  birth  and  all  season 
breeding  possibilities.  Moreover,  the  sequence  data 
indicate  that  the  pig  is  closer  to  human  than  mouse. 
This  result  was  supported  by  the  comparative  analysis 
of  protein  coding  sequences  using  full-length  cDNA 
alignments  from  human,  mouse  and  pig.  At  present, 
transgenic  pigs  largely  created  as  an  animal  model  of 
some  human  diseases,  such  as  neurodegenerative 
diseases,  cardiovascular  diseases,  cystic  fibrosis  and 
diabetes  mellitus  [11]. 

An  important  application  of  transgenics  is  the 
production  of  therapeutic  proteins  for  human  clinical 
use  called  "bio-reactors".  By  using  genetic 
engineering  it  has  become  possible  to  produce  any 
protein  from  any  animal,  plant  or  bacterial  species  in 
the  milk  of  mammals  [5].  The  process  of  transgenic 
goat  production  with  human  protein  can  be  seen  in  Fig. 
1.  With  this  method,  human  protein  can  be  obtained 
from  transgenic  goat  milk. 

The  transgenic  livestock  production  has  been  an 
important  tool,  providing  a  new  approach  into  the 
gene  action  mechanisms  related  to  the  control  of 
growth.  It  is  possible  to  do  some  changing  in  known 
growth  factors,  growth  factor  receptors  and  growth 
modulators  via  transgenic  technology. 

Another  important  approach  to  the  agricultural 
transgenics  is  increasing  possibility  in  disease 
resistance  via  introducing  specific  genes  into  livestock. 

Identification  of  single  genes  within  the  major 
histocompatibility  complex  (MHC),  which  affects  the 
immune  response,  is  a  tool  for  the  determination  of 
the  genetic  basis  of  disease  resistance  and 
susceptibility.  The  application  of  transgenic 
methodology  into  the  immune  system  should  provide 
an  opportunity  to  obtain  genetically  engineer  livestock 
with  superior  disease  resistance. 

Embryo  biotechnology  has  evolved  through  three 
major  changes  which  are  traditional  embryo  transfer 


(in  vivo  embryo  production  by  donor  superovulation), 
in  vitro  embryo  production  by  ovum  pick  up  with  in 
vitro  fertilization  and  notably  current  cloning 
technique  by  somatic  cell  nuclear  transfer  and 
transgenic  animal  production  [10]. 

The  cloning  technique  provides  different  alternative 
possibilities  to  the  stem  cell  studies.  The  stem  cells, 
obtained  from  cloned  embryo,  will  supply  new 
advantages  to  the  treatment  of  different  uncured 
diseases.  The  stem  cells  can  be  taken  from  the  bone 
marrow  and  infants'  bellybands,  but  it  is  limited  to 
specific  tissues,  creating  problems  in  transfer  to  other 
tissues.  However  the  stem  cells,  taken  from  the  cloned 
embryo,  can  transform  into  any  tissues  easily  without 
rejection  of  the  newly-produced  organs  or  tissues  by 
the  body  [12]. 

The  first  transgenic  livestock  was  produced  by 
microinjection  of  foreign  DNA  into  zygotic  pronuclei 
in  1985.  Typical  applications  include  carcass 
composition,  lactational  performance  and  wool 
production  with  also  enhanced  disease  resistance  and 
reduced  environmental  impact.  Production  of 
transgenic  animals  has  great  application  in  agriculture 


The  production  of  transgenic  goat  with  human  protein 
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Fig.  1    Transgenic  goat  producing  steps. 
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and  medicine.  In  beef  cattle  industry,  the  transgenic 
technology  can  be  used  in  developing  animals  for 
faster  growth,  higher  quality  beef  products  or  disease 
resistance. 

Transgenic  technique  showed  that  by  adding  a 
single  growth  regulating  gene  into  an  animal  of 
agricultural  value  while  animal  growth  rate  and  feed 
efficiency  could  be  increased  and  in  contrast  to  this, 
fat  deposition  could  be  reduced.  Many  other 
applications  such  as  enhanced  milk  production  with 
novel  properties,  enhanced  disease  and  parasite 
resistance  and  increased  wool  production  can  be 
prepared  by  using  this  technique,  creating  big  changes 
in  meat  animal  industry  [10]. 

Transgenic  farm  animal  production  for  biomedical 
applications  has  found  broad  acceptance.  Genetic 
modifications  including  lentiviral  transgenesis, 
meganucleases,  small  interfering  ribonucleic  acids, 
somatic  cell  nuclear  transfer,  zinc  finger  nucleases  and 
transposons  [13].  Somatic  cell  nuclear  transfer  and 
pronuclear  microinjection  of  DNA  are  two  important 
methods  used  to  make  transgenic  farm  animals  [14]. 
These  new  strategies  also  include  the  use  of  bacterial 
products  such  as  proteins,  immunotoxins,  enzymes 
and  secondary  metabolites  which  specifically  target 
cancer  cells  and  cause  tumor  reduction  through 
growth  inhibition,  cell  cycle  arrest  or  apoptosis 
induction  [15]. 

Retroviruses  are  viruses  that  insert  a  DNA  copy  of 
RNA  into  the  host  cell  DNA  afterwards  infection.  The 
retrovirus  serves  as  a  naturally  occurring  delivery 
system  to  transfer  DNA  into  different  types  of 
mammalian  cells.  Preimplantation  embryos  or  oocytes 
can  be  subjected  to  concentrated  virus  solutions  or 
incubated  with  virus-producing  cells  as  in  vitro.  After 
exposure  to  the  viruses,  in  vitro  infected  embryos  are 
transferred  back  to  receiver  females  to  complete  the 
gestation.  Introducing  of  foreign  genes  into  animals 
can  be  managed  by  also  pronuclear  injection,  which  is 
another  method.  Transgenic  mice,  has  been  produced 
successfully  mostly  by  microinjection  of  cloned  DNA 


into  the  pronucleus  of  a  fertilized  ovum  [6]. 

The  progress  on  the  transgenic  chicken  technology 
has  been  delayed  in  contrast  to  mammalian  species. 
There  are  two  reasons  for  this  delay,  first  one  is  that 
only  one -cell-stage  oocyte  can  be  obtained  from  a 
sacrificed  hen  and  the  other  reason  is  that  the  yolk 
inhibits  the  precise  observation  of  oocytes  in 
microscope.  Recently,  new  methods  have  been 
developed  to  obtain  successfully  transgenic  chickens. 
Mostly  retroviral  vectors  are  used  because  of  their 
success  in  cooperation  of  transgenes  into  host  cell 
chromosomes.  These  viral  vectors  are  injected  into  the 
embryos  at  blastodermal  stage  directly,  and  then 
primordial  germ  cells  (PGCs)  are  infected  in  vitro  and 
implanted  into  recipient  embryos  [16]. 

The  first  reports  of  transgenic  livestock  presented 
the  introduction  of  growth-promoting  genes  into  pigs 
and  sheep.  To  obtain  further  increase  in  swine, 
transgenic  pigs  have  been  generated  with  overexpress 
of  bovine  a-lactalbumin  in  their  milk  [17].  Levels  of 
a-lactalbumin  in  milk  can  effect  milk  production  and 
litter  weight  positively.  Transgenic  pigs  have  been 
generated  also  to  deal  with  the  environmental  issue  of 
manure-based  phosphorous  pollution.  Because  swine 
do  not  have  an  ability  for  breaking  down  dietary 
phosphorous,  transgenic  pigs  by  producing  a  bacterial 
phytase  gene  in  their  saliva  lead  to  75%  reduction  in 
fecal  phosphorous.  Also  transgenic  modifications  in 
the  fat  content  of  goat  milk  and  casein  levels  of  cow 
milk  have  been  reported.  The  consumer  has  an 
advantage  from  the  lowered  unhealthy  saturated  fats 
and  the  higher  degree  of  casein  in  milk  effecting 
positively  cheese  yields.  Recently,  a  transgene  in  dairy 
cow  has  been  reported  to  act  on  disease  resistance.  In 
near  future,  we  will  see  the  animals  generated  with 
endogenous  gene  modifications,  using  nuclear  transfer 
techniques.  For  example,  knocking  out  the  expression 
of  unwanted  protein  or  correcting  a  genetic  disease  is 
now  possible  [18]. 

Two  new  transgenic  methods  have  been  getting 
attention  in  transgenic  livestock  technology  which  are: 
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(1)  the  isolation  and  obtaining  of  embryonic  and 
somatic  cells  directly  from  in  vitro  embryos,  fetuses 
and  adults  and  (2)  the  use  of  these  embryonic  and 
somatic  cells  as  nuclei  donors  in  NT  or  "cloning" 
strategies.  These  embryos  are  called  chimeras. 
Introducing  of  exogenous  DNA  into  animals  with 
aiming  of  producing  transgenics  can  be  made  by 
different  vehicle  successfully.  One  of  them  is 
sperm-mediated  gene  transfer.  Successful 
sperm-mediated  gene  transfer  has  been  determined  in 
the  mouse.  Liposome/DNA  delivery  methods  also  can 
be  used  for  introducing  cloned  DNA  into  cells  and 
embryos.  Liposomes  are  small  vesicles  including 
membrane  like  lipid  layers  that  have  an  ability  to 
protect  foreign  DNA  from  digestion  of  proteases  and 
DNases.  The  transfer  of  cloned  DNA  into  cells  and 
embryos  has  been  managed  with  using  electroporation 
method.  In  delivering  DNA  or  other  molecules  into 
intact  tissues  and  cells,  biolistics  or  particle 
bombardment  can  be  used  via  microprojectiles.  It  is 
possible  to  increase  the  number  of  offspring  from  a 
single  female  into  the  tens  of  thousands  by  using  NT 
(cloning)  techniques.  The  famous  cloned  sheep 
"Dolly"  was  born  with  NT  technology,  also  another 
methodology  has  been  developed  for  transgenic 
animals  [6]. 

The  new  method,  used  in  the  production  of 
genetically  identical  individuals  from  embryonic  and 
somatic  cells  via  NT  provides  an  opportunity  to  the 
rapid  development  of  genetically  identical  animals 
with  a  targeted  gene  insertion.  The  two  basic 
strategies  are  used  in  producing  of  transgenic  animals. 
These  are  the  so-called  "gain  of  function"  or  "loss  of 
function"  [6]. 

The  gain  of  function  paradigm  depends  on  that  by 
adding  a  cloned  fragment  of  DNA  to  an  animal's 
genome,  which  you  can  manage  several  new  targets. 
One  goal  is  to  obtain  new  gene  expression  that 
previously  not  existed  in  that  cell  or  tissue  type,  for 
example,  enabling  the  new  expression  of  human 
growth  hormone  (hGH)  in  mouse  liver.  Another 


possible  strategy  is  the  use  of  DNA  constructs  which 
encode  a  messenger  RNA  in  the  antisense  or  reverse 
orientation  on  the  basis  of  the  promoter.  This 
antisense  RNA  binds  to  the  sense  mRNA  strand, 
transcribed  from  the  animal's  own  DNA,  constitute  a 
heteroduplex  which  inhibits  cytoplasmic  translation  of 
the  protein.  Lastly,  this  gain  of  function  strategy  has 
been  used  to  disrupt  an  endogenous  gene  by  insertion 
into  the  host's  genome  [6].  Integration  of  foreign 
DNA  will  most  probably  affect  many  genes  and 
stimulates  new  mutations  with  creating  duplications, 
deletions  or  more  complex  chromosomal 
rearrangements  and  translocations  [19].  This 
insertional  mutagenesis  with  integration  into  a 
functional  region  of  the  host  genome  has  been 
obtained  by  chance  and  therefore  cannot  be  planned. 
But  about  5%  of  the  transgenic  animals  will  come  up 
with  similar  mutations. 

The  "loss  of  function"  paradigm  has  many 
similarities  with  the  "gain  of  function"  strategy 
especially  on  the  regard  of  over  expression,  insertional 
mutations  and  antisense  situations.  This  strategy  is 
based  on  the  ability  of  embryonic  cells  to  undergo 
homologous  recombination.  The  transgenic  animals 
produced  with  the  ability  of  the  cell  to  form  stable 
recombinants  between  the  exogenous  DNA  and  the 
endogenous  chromosomal  DNA  to  the  host's  genome. 
This  is  called  homologous  recombination,  or  in  other 
words  "gene  targeting".  Gene  targeting  allows  in  vitro 
transfer  of  genetic  alterations  into  specific  sites  in  the 
embryonic  or  cell  genome.  If  the  host's  cells  are 
pluripotent  or  totipotent  embryonic  cells  (i.e.,  ES,  EG 
cells  and  PGCs)  or  re-programmable  somatic  cells, 
then  these  homologous  recombination  experiences  can 
be  transferred  to  the  germ  line  of  the  offspring  [6]. 

3.  Some  Important  Transgenic  Applications' 
Samples 

Transgenic  mammalian  species  constituted  with 
somatic  cell  cloning  will  have  using  possibility  in 
biomedicine,  the  biopharmaceutical  industry,  human 
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nutrition/dietetics  and  agriculture.  In  mammals, 
somatic  cell  cloning  technology  improves  the 
multiplication  of  productively-valuable  genetically 
engineered  individuals,  and  as  a  result  allows  for 
standardization  of  transgenic  farm  animal-derived 
products  which  is  in  the  market  demands,  will  have 
growing  significance  [20].  In  bioreactors,  mammalian 
cells  as  production  host  are  the  focus  in  last  years.  The 
production  of  iPSCs  (induced  pluripotent  stem  cells) 
from  livestock  or  wild  species  is  getting  more 
attention  because  it  could  improve  efficiency  and 
reduce  costs  in  various  fields,  such  as  transgenic 
animal  generation,  preservation  of  biological  diversity 
and  drug  development,  and  propose  an  alternative  to 
xenotransplantation  for  in  vivo  generation  of  organs 
[21]. 

Transgenic  rodents  are  also  important  in  the  studies. 
For  example,  Chinese  hamster  ovary  (CHO)  cells  are 
taking  interest  in  the  manufacture  of  recombinant 
therapeutic  proteins.  CHO  cells  are  the  manufacturing 
host  system  of  choice  for  more  than  70%  of  protein 
pharmaceuticals  on  the  market  [15].  Transgenic  mice 
have  revolutionized  biology,  medicine  and 
biotechnology  in  the  21st  century  [1].  In  mammals 
aging  studies,  the  mouse  is  a  perfect  model  due  to  its 
relatively  short  life  time,  and  the  genetic 
manipulations  in  this  species  are  well  established. 
Most  interestingly,  the  mouse  can  be  used  in  the 
producing  of  the  stem  cells.  It  will  be  necessary  to 
establish  iPSCs  (pluripotent  stem  cells)  from  their 
tissues  to  treat  damaged  tissues  or  repair  organs  in 
elderly  patients.  It  has  been  succeeded  in  establishing 
iPSC  clones  using  bone  marrow  (BM)  from 
21 -month-old  EGFP-C57BL/6  mice  [17].  Although 
genetically  modified  mice  have  been  widely  used  to 
model  human  diseases,  some  of  these  mouse  models 
do  not  provide  the  same  symptoms  or  pathology.  Pigs 
are  more  similar  to  humans  than  mice  in  anatomy, 
physiology  and  genome.  Because  of  this,  pigs  are 
considered  more  suitable  animal  models  to  mimic 
some  human  diseases  [22]. 


The  use  of  bacteria  in  the  regression  of  certain 
forms  of  cancer  has  been  recognized  for  more  than  a 
century.  This  includes  the  use  of  attenuated  bacterial 
strains  and  expressing  foreign  genes  that  encode  the 
capacity  of  converting  non-toxic  prodrugs  to  cytotoxic 
drugs  [14]. 

Spider  silk  is  an  important  biomaterial  with  many 
applications  in  biotechnology  and  biomedicine,  and 
this  material  has  several  desired  characteristics  such  as 
outstanding  strength,  toughness,  elasticity, 
biodegradability  and  biocompatibility.  There  has  been 
a  higher  effort  to  produce  recombinant  spider  silk 
protein  in  large  amounts  [23]. 

The  zebrafish  has  been  used  for  a  long  time  as  a 
model  organism  in  developmental  biology  studies.  In 
fact  several  common  and  important  developmental 
mechanisms  have  been  identified  in  zebrafish  which 
are  similar  in  mammals.  The  zebrafish  has  short 
generation  time  and  their  embryos  are  transparent  and 
therefore  provide  unique  imaging  opportunities.  They 
can  be  used  also  as  a  model  organism  for  several 
pathophysiological  conditions  which  are  related  to 
human  diseases.  For  instance,  zebrafish  is  used  as  an 
inflammation  and  regeneration  model  because  of  its 
ability  to  partially  recovery  for  organ  loss  (e.g.,  heart 
and  fins).  It  is  also  used  in  tumor  biology,  for  drug 
screening,  systems  biology,  congenital  and  hereditary 
disease  and  in  infection  [24].  It  is  also  important  to 
use  zebrafish  for  AD  research,  because  it  represents  a 
more  global  cross-species  modelling  (from  fish  to 
rodents)  to  detect  uncovering  evolutionary  conserved 
mechanisms  of  neurodegeneration.  Indeed,  zebrafish 
represents  a  lot  of  order  behaviors  including  memory, 
conditioned  responses  and  social  behaviors  like 
schooling.  All  these  structures  support  the  zebrafish  as 
an  ideal  model  for  studying  human  diseases,  including 
CNS  disorders  [25]. 

GloFish  is  a  type  of  transgenic  zebrafish  (Danio 
redo)  that  have  been  obtained  via  insertion  of  a  green 
fluorescent  protein  (GFP)  gene  [4]. 

Many  marine  fish  species  synthesize  antifreeze 
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proteins  (AFP)  to  protect  them  from  freezing  within 
the  icy  waters.  The  winter  flounder  AFP  genes  were 
transferee!  successfully  into  Atlantic  salmon.  The 
results  determined  stable  genomic  integration  and  low 
levels  of  expression  of  winter  flounder  AFP  genes  in  a 
small  number  of  transgenic  salmon  developed  by 
microinjection.  Low  levels  of  AFP  precursors  were 
obtained  from  the  blood  of  all  transgenic  offspring  (Fl) 
[26]. 

Transgenic  technique  provides  a  lot  of  alternative 
methods  for  fish  breeding.  Up  to  now,  the  growth 
hormone  gene  transfer  to  carps,  salmon  and  tilapia  as 
well  as  fluorescence  protein  gene  transfer  to  zebra  fish 
and  white  cloud  mountain  minnow  has  been 
successfully  carried  out.  The  higher  amount  of  GH 
hormone  production  via  GH  gene  transfered 
transgenic  fish  will  effect  and  promote  the  aquaculture 
production  and  economic  efficiency  [27]. 

Transgenic  salmon  with  their  incresed  growth  rate 
could  be  on  the  market  when  their  movement  and 
escape  will  be  controlled  in  oceans  [28]. 

By  using  genetic  engineering  it  has  become 
possible  to  produce  any  protein  from  any  animal,  plant 
or  bacterial  species  in  the  milk  of  mammals  [5].  For 
example,  it  is  possible  to  produce  milk  proteins  and 
other  proteins  of  pharmaceutical  value  in  the  milk  of 
rabbits,  mice,  pigs,  goats  and  sheep  [6]. 

The  idea  of  using  genetically  modified  animal 
organs,  tranplantation  into  humans  was  developed. 
The  pig  has  become  the  obvious  source  of  these 
genetically  modified  organs  because  pig's  organs  are 
anatomically  and  physiologically  more  suitable  with 
humans  [6]. 

Transgenic  animals  may  also  be  very  useful  for  the 
testing  of  new  drugs  or  products.  Transgenic  rodents 
that  are  more  sensitive  to  environmental  toxins  are 
able  to  test  new  drugs,  products  or  materials  for  safety 
much  more  quickly  than  their  wild-type  counterparts 
[6]. 

The  development  in  recombinant  DNA  technology 
has  provided  the  opportunity  either  to  produce  entirely 


novel  proteins  in  milk  or  to  change  the  composition  of 
milk.  These  changes  cause  an  increase  in  the  value  of 
milk  and  the  potential  uses  of  milk.  The  improvement 
of  livestock  growth  or  survivability  via  the 
modification  of  milk  composition  demands  production 
of  transgenic  animals  that:  (1)  produce  milk  of  higher 
nutrient  content;  (2)  produce  a  greater  quantity  of  milk 
or  (3)  produce  milk  that  contains  a  beneficial 
"nutriceutical"  protein.  The  major  nutrients  in  milk  are 
protein,  fat  and  lactose  and  the  increase  of  these 
components  can  affect  the  growth  and  health  of  the 
offspring  [6]. 

An  important  transgenic  sheep  called  Tracy 
obtained  via  micro-injection  produced  milk  with  over 
50%  of  the  protein,  including  human 
alpha- 1-anti-trypsin.  Sheep-derived  protein  has  been 
used  in  clinical  test  for  congenital  emphysema  in  UK. 
Another  important  animal,  Polly,  a  cloned  sheep 
obtained  via  nuclear  transfer,  born  with  the  human 
gene  encoding  factor  IX,  produced  a  protein  involved 
in  preventing  haemophilia  [12]. 

Transgenic  mice,  sheep  and  pigs  have  been  used  to 
search  postnatal  growth  of  mammals.  For  example, 
the  myostatin  gene  of  mouse  is  an  extraordinally 
amazing  potential  locus  for  "knock-out"  by  ES  cells  in 
meat  producing  species.  The  loss  of  the  myostatin 
protein  causes  an  increase  in  lean  muscle  mass.  Mice 
lacking  of  this  gene  have  increased  shoulders  and  hips. 
This  enlarged  skeletal  muscle  mass  can  be  seen  in 
whole  carcass  and  appears  grossly  normal.  Another 
approach  in  manipulating  carcass  composition  is  the 
modification  of  the  fat  or  cholesterol  composition  of 
the  carcass.  It  is  possible  to  decrease  meats,  eggs  and 
cheeses'  fat  and  cholesterol  content  by  changing  the 
metabolism  or  uptake  of  cholesterol  and/or  fatty  acids. 

There  is  also  the  possibility  in  obtaining  healthy 
fats  such  as  the  omega-3  fatty  acids  from  fish  into  our 
livestock. 

By  manipulating  the  enzyme  profiles  in  the  gut  or 
increasing  the  uptake  of  nutrients  in  the  digestive  tract, 
it  can  affect  the  feed  efficiency  affirmatively. 
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Another  important  approach  to  the  agricultural 
transgenics  is  that  increasing  possibility  in  disease 
resistance  via  introducing  specific  genes  into 
livestock. 

The  application  of  transgenic  methodology  into  the 
immune  system  should  provide  an  opportunity  to 
obtain  genetically  engineer  livestock  with  superior 
disease  resistance.  One  example  of  this  application  is 
the  production  of  trangenic  pigs  resistant  to  influenza 
[6]. 

Introduction  of  polymorphic  ESR  gene  could 
increase  the  litter  size  in  different  breeds  of  pigs. 
Another  example,  but  in  merino  sheep  was  reported 
by  Piper  et  al.,  1985,  the  authors  found  that  the  FECB 
gene,  one  single  major  autosomal  gene  for  fertility, 
provided  the  increasing  of  ovulation  rate  [29]. 

Another  important  subject  of  the  transgenic 
manipulation  in  livestock  is  the  control  of  the  quality, 
yield,  color  and  simplest  harvest  of  hair,  wool  and 
fiber  for  fabric  and  yarn  production.  The  manipulation 
of  the  quality,  fineness,  length  and  crimp  of  the  wool 
and  hair  fiber  from  sheep  and  goats  has  been  verified 
with  transgenic  methods. 

Also,  it  is  possible  to  use  transgenic  methods  for 
increasing  elasticity  of  the  fiber  and  the  fiber  strength. 
The  scientist  is  planning  to  use  transgenic 
manipulation  on  the  surface  of  the  fibers,  related  to  the 
wool  for  the  future.  The  reduction  on  the  surface 
interaction  could  decrease  shrinkage  of  garments 
made  from  these  fibers.  Also,  there  is  big  effort  to  use 
this  technology  in  collecting  shed  of  wool,  from  sheep, 
into  specific  times  for  relieving  in  especially  hand 
shearing  of  fiber  producing  animals.  Similar  strategies 
could  be  adapted  to  mohair  goats,  alpacas,  camels  and 
other  fiber-producing  animals  [6]. 

Avian  species  have  emerged  as  a  model  system  to 
study  the  neurobiological  problems  on  the  basis  of 
complex  behavior.  Some  important  studies  in  this 
context  are  that  genetically  modified  hens  that 
produce  therapeutic  proteins  in  their  eggs  and 
transgenic  songbirds  that  can  be  used  as  a  model  to 


study  communication  disorders  and  many 
neurobiological  features  such  as  the  biological  basis  of 
vocal  learning.  The  rich  resources  of  songbird 
behavior  suggests  that  these  species  can  be  used  as  an 
ideal  animal  model  for  human  diseases  affecting 
complex  cognitive  functions  and  communication 
disorders,  which  cannot  be  modeled  completely  from 
other  animals. 

Chickens  can  be  used  as  animal  bioreactors  with  a 
lot  of  advantages,  i.e.,  (1)  their  eggs  are  extremely  rich 
sources  of  protein  (6  g  in  45  mL  of  total  volume),  and 
egg  contents  are  naturally  sterile;  (2)  transgenic 
chickens  need  less  time  to  mature  (21  d  to  hatch,  5-6 
months  to  reach  sexual  maturity)  compare  to  large 
livestock  such  as  goats  or  cows.  Thus  using  transgenic 
chickens  affect  the  cost  and  duration  of  the 
development  process  with  decreasing;  (3)  chicken 
eggs  can  be  used  extensively  in  the  manufacturing  of 
therapeutic  proteins,  biopharmaceuticals  and  in 
vaccine  production  [30]. 

4.  Look  into  Transgenic  Technique  with 
Ethical  Issue  on  the  Basis  of  Their 
Advantages  and  Disadvantages 

Transgenic  animals  can  be  used  for  the 
improvement  of  animal  production  quality,  the 
enhancement  of  production  capacity,  the  studies  of 
human  disease  models,  and  the  production  of 
biomedical  materials.  But  there  are  some  problems 
that  need  to  be  resolved  related  to  transgenic  animal 
studies.  First  of  all,  the  transgenic  technique  is  not 
perfect  with  low  success  and  survival  rates  of 
transgenic  animals.  These  are  the  main  determinant  in 
the  transgenic  animal  studies.  Secondly,  the  joining 
efficiency  of  external  genes  at  the  determined  site  is 
low  and  unstable,  and  the  effect  to  the  intrinsic  gene 
creating  abnormalities  in  animals  is  unclear.  Thirdly, 
this  technique  is  still  in  immature  stage  which  means 
it  requires  further  studies.  Also,  there  are  safety 
concerns  in  the  production  of  transgenic  animals  as 
well,  for  example,  inserted  external  genes  may  affect 
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the  host  with  contamination  of  other  genes,  and 
produce  a  lot  of  threats  to  ecological  balance  and 
species  diversity  [3]. 

The  production  of  transgenic  animal  may  lead  to 
food-safety  problems  like  allergies  or  toxicities. 
Because  of  these,  serious  considerations  related  to  the 
safety  of  transgenic  animals  and  modification  or 
legislation  of  related  laws  and  regulations  will  be 
helpful  and  needed.  These  applications  will  bring  new 
ideas  and  important  changes  in  different  areas  like 
medicine,  health  and  livestock  improvement. 
Especially,  the  production  of  bioreactors,  drug 
production  and  organ  culture  for  human 
transplantation  will  provide  important  economic  and 
social  benefits  to  the  human  [3]. 

Other  concerns  about  this  subject  are  the  ethical  and 
environmental  aspects  of  transgenesis.  The  union  of 
an  external  gene  into  the  genome  might  disturb  the 
internal  gene  expression  either  in  the  first  generation 
or  in  the  obtained  homozygote  transgenic  animals.  In 
the  past,  some  gene  transfer  studies  have  resulted  with 
affected  or  sick  animals  and  these  experiments  were 
finished.  If  genetic  manipulation  affect  the  animal 
negatively  and  lead  to  the  suffering,  it  cannot  be 
accepted  by  the  scientists,  the  public  or  regulatory 
agencies.  The  environmental  issues,  including  food 
and  ecosystem  contamination  or  threats  to  biodiversity, 
are  generally  seen  in  transgenic  plants  than  animals. 
The  transgenic  animals  are  used  mainly  in  biomedical 
applications  and  therefore  do  not  affect  the  food  chain. 
It  is  almost  impossible  that  transgenic  domestic 
animals  will  go  to  the  wild  and  mating  with  feral 
species.  On  the  basis  of  biodiversity,  the  scientists  are 
giving  an  attention  to  the  traditional  genetic  selection 
procedures  to  preserve  some  rare  breeds.  Actually, 
adding  a  transgene  to  a  population  increases 
biodiversity,  unless  the  transgenic  lines  replace  other 
lines  with  less  resistant  to  a  disease.  Lastly,  social 
issues  and  concerns  about  transgenics  have  increased 
and  the  ethics  of  using  transgenic  animals  like  the 
health  of  the  genetically  modified  animal  or  the  safety 


of  these  products  are  getting  more  attention.  Also 
there  are  some  other  social  problems  remain,  for 
example,  a  recombinant  protein  has  been  obtained 
from  the  urine  of  a  transgenic  animal  may  affect  the 
public  negatively  and  block  the  marketability  of  that 
product  [31]. 

Microinjection  is  the  most  common  used  method 
for  the  transgenic  technology,  but  sometimes  resulted 
in  multi-copies  and  multi-site  integration.  In  the 
producing  of  transgenic  fish,  the  environmental  risk  is 
the  biggest  problem.  The  result  indicates  that 
transgenic  fish  have  lowered  fitness  compare  to  the 
traditional  domestic  fish.  But  because  of  genotype  and 
environment  reciprocal  effects,  it  is  difficult  to 
determine  phenotypes  of  the  transgenic  fish  [27]. 

5.  Conclusions 

Genetic  engineering  is  the  process  of  modifying  an 
organism's  genetic  composition  by  adding  foreign 
genes  to  produce  desired  traits  or  evaluate  function. 
Using  genetic  engineering,  it  is  possible  to  constitute 
transgenic  animals.  Transgenic  animal  can  be  used  as 
a  reseach  models  for  production  of  pharmaceutical 
animals,  disease  resistant  animals,  xenotransplantation, 
animal  cloning  and  preserving  genetic  materials  for 
copy  of  elite  animals  and  to  save  endangered  species. 

Presently,  environmental  disruption  and  growing 
population  are  two  main  problems  in  our  life.  To 
cover  all  needs  of  this  growing  population  is  getting 
more  difficult  with  limited  sources.  The  fast 
improvement  in  the  biotechnology  and  growing 
applications  in  genetic  engineering,  especially 
transgenic  technology,  getting  more  attention  to  solve 
problems  using  plants,  animals  and  microorganisms  to 
fulfill  the  needs.  Transgenic  technology,  provide 
opportunities  in  transfer  of  desired  characteristics  into 
different  organisms  and  playing  with  their  structure  to 
meet  the  demands. 
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